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[. INTRODUCTION

1. PURPUSE OF MANUAL

Tnis manual provides quidance to Bay Area cities and counties in
controlling water quality impacts of construction-related erosion. [t
suggests a framework for regulation and enforcement and describes
technical standards and sample specifications for control measures.

The program outlined in these chapters is flexible. The various
components can be used in their entirety aor only in part. They are
intended to be revised, amended, incorporated into existing regulations
or otherwise adjusted to fit the needs of local jurisdictions in
developing their own erosion and sediment control programs.

The standards and sample specifications for erosion and sediment control
measures were largely adapted from California and national USDA, Soil
Conservation Service standards and specifications, from Standards and
Specifications for Erosion and Sediment Control in Developing Areas

(USDA, Soil Conservation Service, College Park, Maryland, 1975) and from
Virginia Erosion and Sediment Control Handbook, (Virginia Soil and Water

Conservation Commission, Richmond, Virginia, 1980). Several,
appropriately noted, were developed by ABAG after substantial research
into Bay Area erosion and sediment control practices. Because of the
variability of local and site-specific conditions such as rainfall and
soil conditions, all standards and sample specifications should be

reviewed by a qualified professional before they are adopted by a local
Jurisdiction.

2.  PRINCIPLES OF ERUSIUN AND SEDIMENT CONTROL

The denuded slopes of construction sites are a major source of surface
runoff pollution in the Bay Area. Particles of nutrient-rich topsoil,
displaced by the force of rain and runoff, are carried downslope into
stream channels and water bodies. The resulting water quality problems
include sediment buildup and blockage of channels, turbidity, increased
algal growth and oxygen depletion.,

The following are principles for controlling erosion and sediment on
construction sites:

o fit development to the existing topography, soils, and
vegetation as much as possible;

e minimize soil exposure during the rainy season by proper
timing of grading and construction;

e retain natural vegetation whenever feasible;

e vegetate and mulch denuded areas to protect them from winter
rains;
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divert runoff away from steep denuded slopes or other critical
areas with barriers or ditches;

minimize length and steepness of slopes by benching, terracing
or constructing diversion structures;

prepare drainageways to handle concentrated or increased
runoff from disturbed areas by using riprap or other lining
materials;

trap sediment-laden runoff in basins to allow soil particles
to settle out before flows are released to receiving waters;

inspgct sites frequently to ensure control measures are
working properly, and correct problems as needed.

ELEMENTS OF LOCAL REGULATORY PROGRAMS

Local regulatory programs to implement and enforce such measures should
include the following elements:

a.

C.

An Erosion and Sediment Control Ordinance

The ordinance would create a framework for requlation and provide
the legal basis for enforcement. It should require applicants for
grading permits to submit plans for erosion and sediment control
and should define the process for reviewing, approving and
enforcing those plans.

Because the ordinance must be applicable to a number of different
conditions, it must be a flexible document., It therefore should
not contain technical details likely to change over time or that
are better determined on a case-by-case basis. These details
should instead be included by reference to a manual of standards
and specifications (see below).

Erosion and Sediment Control Plans

As required by the ordinance, a plan should be submitted for each
project describing measures for erosion and sediment control on the
construction site. The control measures specified must be of an
appropriate type and size to accommodate predicted runoff and
sediment yield from the site and should be designed according to
the sgandards and specifications prescribed in the manual (see
below).

A Manual of Standards and Specifications

The manual, referenced in the ordinance, should contain standards
and specifications for proven, effective procedures for
constructing, operating and maintaining control measures. It
should be continuously revised to incorporate new data and
technological developments, thereby enabling the ordinance to keep
pace with technology without legislative revision.
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d. Means of Enforcement

The ordinancea, with the required erosion and sediment control
plans, and referenced manual of standards and specifications, would
provide the legal basis for enforcement. Failure to install the
required measures or to meet standards would constitute a clear
violation of permit requirements. The ordinance would also
establish procedures for reperting violations and the fines and
penalties that may be imposed. The job of the local site inspector
would be to see that all requirements of the ordinance are =nforced
on the site, Guidelines should be established to help him or her
obtain developer compliance and deal with violations.,

The following chapters of this manual present models and descriptions of
the elements of an effective regulatory program. They are iantended to
be used by Bay Area cities and counties in developing their own
ordinances, standards and specifications, and enforcement guidelines.

It should again be emphasized that these program elements are intended
as gquides.






" II. MODEL ORDINANCES TO IMPROVE LOCAL CONTROLS OVER EROSION
AND SEDIMENTATION FROM GRADING ACTIVITIES

Many communities in the Bay Area and throughout California have weak
regulations governing erosion and sediment control. Two model
ordinances have been developed by ABAG to assist local governments in
1mproving the way their grading ordinances control erosion and sediment
from construction sites. The model ordinances are included in the
Appendices. They are based on an analysis of published model ordinances
and existing ordinances in California and other states.

Model Urdinance No. 1 (Appendix A) is an ordinance to add erosion and
sediment control provisions to an existing grading ordinance. It is
designed to supplement, not replace, a community's grading requlations.
This model was reviewed by ABAG's Water Quality Technical Advisory
Committee and the Citizens Advisory Committee and revised pursuant to
comments from committee members and other interested parties.

Model Ordinance No, 2 (Appendix B) is a combined grading and erosion and
sediment control ordinance, It integrates standard grading provisions
from a typical local grading ordinance with provisions for erosion and
sediment control.

To be effective, any erosion and sediment control ordinance should
contain certain key features. These basic features are described below.
The numbers of the model ordinance sections that pertain to these key
features are also provided. Both models in this Manual contain these
key elements, although they sometimes differ in form,

Although the two models share similar provisions and goals, there are
several important differences between them. Model No. 1 features a
system of "minor" and "major" permits. Figure 1 highlights the major
thresholds for the permits required under this ordinance. This minor
and major permit system reduces the requirements for permittees who
grade relatively small and flat sites. Model No. 2 features a single
permit, but increases the discretion of the permit administrator to
reduce requirements where appropriate.

Maodel No. 1 requires permittees to submit reports by specific dates.
Inspections by the local jurisdiction are also required. Model No., 2
requires reports only when a specified event takes place. Inspections
are completely discretionary. Review standards and procedures found in
Model! No. 1 (Article III) are largely omitted from Model No. 2.

These model ordinances and the list of key features can be used by local
jurisdictions to evaluate the effectiveness of their present grading
ordinances in controlling erosion and sediment from construction sites.
The models can also be used to revise or amend local ordinances.
Although it is possible for a jurisdiction to adopt either model in its
entirety, adoption of any new or revised provisions should be tailored
to a jurisdiction's specific problems and limitations. Local government
legal counsel and grading officials should be consulted.



FIGURE 1. THRESHOLDS FOR MINOR AND MAJOR PERMITS IN MODEL ORDINANCE NO. 1

Disturbed Area or Drainage Area (acres)

<1/4 >1/4-3/4 >3/4 -5 >5
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See Section 201.02 of Model Ordinance No. 1.

%
//2422 Minor permit: erosion and sediment control plans, spot inspections
4

Major permit: erosion and sediment control plans, scheduled reports,
scheduled inspections
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KEY FEATURES OF AN EFFECTIVE ERUSIGN AND SEDIMENT CONTROL URDINANCE

The numbers in parentheses refer to the sections of dodel Urdinance Nos.
1 and 2 that contain each key feature.

Water Quality Is an Explicit Goal of the Urdinance

This provisjon specifically informs applicants proposing
land-disturbing activities tnat one purpose and intent of the
ordinance is protection of water quality. It also provides

judicial quidance for adjudication of cases arising under the
ordinance.

(Mode! No. 1: $101,01; Model No. 2: §2.)

Exemptions from the Permit Requirement Are Limited

A1l grading that may result in significant erosion and
sedimentation (such as home sites on steep hillsides) should be
regulated.

(Model No. 1: §$201,02; Model No. 2: §§11, 12.)

Temporary and Permanent Erosion and Sediment Control Plans Meeting

Minimum Standards Must Be Submitted

This provision provides a strong enforcement tool. Applicants must
specify in writing how they will control erosion and sediment on a
site. The responsible local agency can thus assess, in a timely
manner, whether the plan makes sense, whether there are sufficient
details and whether the specifications meet accepted standards
(such as those in Chapter V of this Manual). If the measures shown
on the plan are not installed or are implemented contrary to the
plan specifications, there is a documentable violation,

(Model No. 1: 5§202.03, 202,04; Model No. 2: §§17, 18.)

Approved Control Measures Must Be Installed before the Rainy Season

Installing measures before the rainy season greatly reduces the
l1ikelihood of erosion and sediment problems.

(Model No. 1: §202.06; Model No. 2: §21.)

<

Provisions for Reports by the Permittee and Inspections by the
Local Agency Are Included

A scheme of reports and inspections is designed to inform the local
agency whether the permittee has installed erosion and sediment
control devices in a proper and timely manner, By requiring
permittees to report to the local agency on project status, the
burden on the local agency of monitoring projects is reduced.

(Model No. 1: 33402.01, 402.02(b); Model No. 2: §§31, 32(b).)



The Local Agency May Require Modification of an Erosion and

Sediment Control Plan

Where an approved erosion and sediment control plan is later found
to be inadequate, or the plan as implemented appears to be
ineffective, modifications may be required. This provision is the
legal basis for requiring plan changes after initial plan approval.

(Model No. 1: §402.02(a); Model No. 2: §32(a).)

Special Provisions Are Applied to Grading that Will Commence or

Continue during the Rainy Season

Since grading during the rainy season is likely to cause serious
erosion and sediment problems, additional safequards are required.

(Model No. 1: §402.01(c); Model No. 2: 341.)

Enforcement Mechanisms Are Available to the Local Agency

Several provisions, such as suspension or revocation of permit,
fines and penalties, are included to induce permittees to comply
faithfully with the grading regulations. Where suspension or
revocation of a permit is not a viable option, fines and penalties
can be levied.

(Model No. 1: §§403.01, 403,02; Model No. 2: §§34, 35.)

Permittee Is Required to Provide Security

Where a permittee's failure to properly install appropriate erosion
control devices causes a threat of erosion and sedimentation,
security in the form of a deposit or bond is available to the local
jurisdiction to finance remedial work. Security must be
sufficiently large and available on short notice if excessive
erosion is to be avoided or mitigated.

(Model No. 1: §§202.07, 403.03; Model No. 2: §§22, 36, 37.)

] Il:"nlll -l R R - EE .
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III. EROSION AND SEDIMENT CONTROL PLANS

An effective erosion and sediment control ordinance should require an
erosion and sediment control plan. This plan should be submitted as
part of a grading permit application. In this plan the applicant should
describe how erosion and sediment will be controlled on the construction
site. He or she should provide sufficient details so that the reviewing
agency can evaluate whether the plan will work and whether the
specifications meet accepted standards.

Two levels of erosion and sediment control plans may be appropriate,
depending on the size of the project. For small developments on
relatively flat land, simple, nonengineered erosion and sediment control
plans may be submitted. For large or hillside developments, detailed,
engineered plans should be required.

The guidelines for erosion and sediment control plans on the following
pages are primarily for large or hillside projects. They are intended
to be adopted by local planning and public works departments. They may
be added to existing procedures manuals or incorporated into internal
guidance memoranda for staff.

Following the guidelines is a sample erosion and sediment contral plan
that demonstrates how the guidelines may be applied to conditions of a
particular project. The sample map from this plan uses a set of
standard symbols for erosion and sediment control measures (see Table
1), To facilitate preparation and review of erosion and sediment
control plans from jurisdiction to jurisdiction, the use of these
standard symbols is recommended.

l.  GUIDELINES FOR EROSION AND SEDIMENT CONTROL PLANS

a. Plan Preparer

The plan shall be prepared and signed by a person or firm qualified
by training and experience to have expert knowledge of erosion and
sediment control methods.

b. Content
The plan shall consist of three parts:
(1) A narrative, containing:

o a brief description of the proposed land-disturbing
activities, existing site conditions and adjacent
areas (such as creeks and buildings) that might be
affected by the land disturbance;

e a description of critical areas on the site--areas
that have potential for serious erosion problems;



TABLE 1.

STANDARD SYMBOLS FOR EROSION AND SEDIMENT CONTROL MEASURES

STABILIZED
CONSTRUCT ION
ENTRANCE

STRAW BALE DIKE

SILT FENCE

DIKE

UNLINED SWALE
PAVED SWALE

ROCK-LINED SWALE

UNLINED WATERWAY

GRASSED WATERWAY

PAVED WATERWAY

ROCK-LINED WATERWAY

SEDIMENT TRAP

SEDIMENT BASIN

PIPE SLOPE DRAIN

PAVED FLUME

23
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STORM DRAIN OUTLET
PROTECTION

RIPRAP

CHECK DAM

SUBSURFACE DRAIN

SEEDING

STRAW MULCHING

HYDRAULIC SEEDING
AND MULCHING

PUNCHED STRAW

LIMITS OF CLEARING
AND GRADING
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o the date grading will begin and the expected date of

This

stabilization;

a brief description of the measures that will be
gsed to control erosion and sediment on the site,
including both temporary and permanent measures;

(Note: Measures must meet or exceed all
requirements in the erosion and sediment control
ordinance and applicable standards and
specifications. If grading is scheduled to be
completed before the rainy season begins, the plan
should specify contingency actions to winterize the
site if construction should fall behind schedule,)

a maintenance program, with provisions for frequency
of inspection, reseeding of vegetated areas, repair
or reconstruction of damaged structures, cleanout
method and frequency, disposal of waste materials
and disposition of control measures after they have
served their purpose (see Sample Erosion and
Sediment Control Plan).

narrative is intended to summarize for the plan reviewer
the project aspects important for erosion control.
intended to duplicate the requirements of project applications
and Environmental Impact Reports.

those documents should be referenced in the narrative.

A map showing:

existing site contours at an interval and scale
sufficient for distinguishing runoff patterns before
and after disturbance;

limits of clearing and grading;

final contours;

location of the project relative to highwgys,
municipalities, major streams or other identifiable
landmarks (vicinity map);

existing vegetation (grassy areas, major groups of
trees and unique species);

surface extent of each soil type and retative
erodibility;

critical areas within or near the project area, such
as streams, lakes and wetlands; _

1

It is not

Applicable portions of



- e location and types of both temporary and permanent
control measures;

¢ dimensional details of facilities (see Sample Map).

(3) Plan details, including:

o detailed drawings of erosion and sediment control
structures, showing key dimensions and other
important details;

e design assumptions and calculations (for structural
measures such as sediment basins, channels and
outlet protection);

e seeding specifications;

® maintenance notes.

A1l of these details may be placed upon the erosion and sediment
control plan map, space permitting.

2.  SAMPLE EROSION AND SEDIMENT CONTROL PLAN

SAMPLE NARRATIVE

Description

The project site is 3.8 acres located on a natural knoll (see Sample
Map). A total of 38 condominium units in 11 separate buildings will be
built on either side of a street running through the center of the
property, along the long axis. The site is gently sloping except on the
southern, western and eastern edges where it is considerably steeper.
There are no distinct natural swales or creeks on the property.

Soils and Vegetation

Surface soils are silty clays and are nearly uniform throughout the
site. They have low erosion potential, except for the southern slope
(see Critical Areas). Ground cover is mostly bunch grasses, except for
a few clusters of oak trees.

Critical Areas

The slope on the south border of the property is unstable. Farfel Creek
is located at the base of this slope. The creek drains into Lake
Farfel, a regional recreation area, about 1 mile southwest of the site.
Existing residences are located adjacent to the site at its northwest
and southwest corners.

12
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Schedule of Land-Disturbing Activities

In May 1981 the site will be stripped except for the trees and brought
to rough finished grade. The topsoil will be stockpiled at the
northeast corner of the property for later landscaping use. Dikes,
swales and a sediment basin will be constructed in August 1981,

Erosion and Sediment Control Program

The site will be subdivided into small subcatchments by constructing
dikes and swales around each group of pads. These dikes and swales will
prevent runoff from crossing the steep slopes to the south, east and
west of the site. Runoff from each subcatchment will be routed to a
crushed rock-lined swale running down the center of the property, which
will drain to a sediment basin at the south end of the developed area.
The basin will be located where the cul-de-sac will eventually be. The
slopes around the pads will be seeded with 'Blando' brome and annual
ryegrass and mulched with punched straw by October 1, 1981, A1l
measures will be designed and installed according to the county's
recommended standards and specifications,

Maintenance Program

After October 1, all measures will be inspected daily and after each
storm. After October 1, breaches in dikes and swales will be repaired
at the close of each day and whenever rain is forecast. A red line will
be painted on the drop inlet of the sediment basin 2 feet below the
grate. The sediment basin will be cleaned out when the sediment level
reaches this line. The spoil material removed from the basin will be
deposited so that it will not directly re-enter the basin or cause
sedimentation damage on- or off-site. Seeded areas will be repaired,
reseeded and mulched as soon as possible after damaged.

SAMPLE PLAN DETAILS '
(These details supplement the details shown on the Sample Map. If they
will fit, all details can be shown on the erosion and sediment control

plan map.)

Detailed ﬁrawings

Drawings of a lined swale, an unlined swale, a dike, an energy
dissipator, and a sediment basin are shown on the Sample Map.‘

Design Calculations

The design calculations have been omitted from this example.

14
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Seeding Specifications

1.

Seed and mulch will be applied by October 1 to all disturbed slopes
steeper than 2% and higher than 3 feet, and to all cut and fill
slopes within or adjacent to public rights-of-way as directed by
the county.

Seed and fgrti]izer will be applied hydraulically or by hand at the
rates specified below. On slopes, straw will be applied by blower
or by hand and anchored in place by punching.

Item Pounds per Acre
‘Blando’ brome 30
~ Annual ryegrass 20

Fertilizer (16-20-0 and
15% sulfur) 500

Straw mulch ) 4,000

(This seed mix is presented for sample purposes only.)

Maintenance Notes

1.

3.

During the rainy season (October 1 to April 15), all erosion and
sediment control measures will be inspected and repaired at the end
of each working day and, in addition, after each storm,

The sediment basin will be cleaned out to its original dimensions
when sediment accumulates up to the red line on the inlet. The
spoil material will be deposited so that it does not directly
re-enter the basin or cause sedimentation damage on- or off-site.
The spoil heap will be seeded when formed and whenever more
deposits are added to it.

Seeded areas will be repaired, reseeded and mulched as soon as
possible after damaged.

General Notes

ll

A standard drop inlet, energy dissipator and outfall structure will
be constructed by August 1981 and will remain as permanent tract
improvements.

A construction entrance will be installed prior to commencement of
grading. Location of the entrance may be adjusted by the
contractor to facilitate grading operations. All construction
traffic entering the paved road must cross the construction
entrance.

15



The erosion and sediment control measures will be operable during
the rainy season, October 1 to April 15. By October 1, grading and
installation of storm drainage and erosion and sediment control
facilities will be compieted, No grading will occur between
October 1 and April 15 unless authorized by the Director of Public
Works.

Changes to this erosion and sediment control plan to meet field
conditions will be made only with the approval of or at the
direction of the Director of Public¢ Works,

During the rainy season, all paved areas will be kept clear of
earth material and debris, The site will be maintained so that a
minimum of sediment-laden runoff enters the storm drainage system,
This plan covers only the first winter following grading. Plans
shall be resubmitted for approval prior to September 1 of each
subsequent year until the tract improvements are accepted by the
county.

Sources and References

Amimoto, Perry Y., Erosion and Sediment Control Handbook,
California Department of Conservation, May 19/8.

Fairfax County, Virginia, Public Facilities Manual, Volume 3, 1978.

Virginia Soil and Water Conservation Commission, Virginia Erosion
and Sediment Control Handbook, 1980,

16
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IV. CALCULATING SURFACE RUNOFF AND SOIL LOSS

An erosion and sediment control ordinance should require predictions of
surface runoff and sediment yield as part of erosion and sediment
control plans (see Appendix A, Sections 202.03(a) and (b) and 202.04(a)
and (b); Appendix B, Sections 17(a) and 18(a)). The results of these
calculations should be used by developers in determining the type, size
and design of control structures and by local public works departments
in evaluating the appropriateness of the measures to be used (see
Appendix A, Sections 301.03(b)(3) and 301.04(b)(3)).

The techniques described are standard techniques in current use.
Developers may choose to use other computational techniques which have
been demonstrated to accurately model surface runoff and sediment yield.

1. CALCULATING SURFACE RUNOFF

Any proven method of calculating runoff may be used in the design of
erosion control facilities. The Rational Method is simple and widely
used in the Bay Area. Several other methods are mentioned later,
following the discussion of the Rational Method.

a. The Rational Method

The Rational Method is a simple and commonly used method of
predicting runoff. Presented for use in the San Francisco Bay Area
by S.E. Rantz (9), this method computes the peak discharge from a
watershed up to 200 acres in area. The equation used to compute
runoff is:

Q = CiA,

where Q is the runoff rate, in cubic feet per second
(cfs);

C is the runoff coefficient, a factor chosen to
reflect watershed characteristics such as
topography, soil type, vegetation and land use;

i is the average precipitation intensity, in
inches per hour;

A is the watershed area, in acres.

At the beginning of a storm, runoff from distant parts of a
watershed will not have reached the discharge point where the
watershed's runoff (Q) is monitored. After a period determined to
be specific to each watershed, a steady-state flow will occur.
This is the Q predicted by the Rational Method. The initial period
is known as the "time of concentration." The "time of
concentration" is the longest time required for water to flow from
the most remote part of a watershed to the mouth of the watershed.
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The "C" value, the runoff coefficient used in the Rational Method,
is chosen to reflect site conditions. Table 2 presents ranges of
“C" values for various land uses.

The "i" value, precipitation intensity, is derived from three
factors:

e mean annual precipitation;
o storm recurrence interval;
e rainfall duration.

Table 3 shows "i" values for the Bay Area as a function of these
three factors.

The mean annual precipitation may be determined from Rantz's map of
regionwide precipitation (Figqure 2), the Department of Water
Resources' Rainfall Analysis for Drainage Design (2) or another
reliable reference.

A storm recurrence interval should be chosen that provides a
sufficient margin of safety from failure of temporary control
measures without undue expense for larger-than-necessary
structures. Because erosion and sediment control facilities
generally do not have emergency back-up systems to carry flows in
case of failure, a recurrence interval of at least 10 years is
recommended for designing these measures. This design criterion
should provide adequate protection for storm drain systems and
natural waterways.

The discharge predicted by the Rational Method can be used to size
erosion and sediment control measures. For water conveyance
structures, the peak Q for a rainfall intensity with a duration
corresponding to the time of concentration would be used to
establish needed capacity. The procedure for this calculation is
described in Rantz (9). For detention structures, such as sediment
basins or sediment traps, the Q corresponding to an intensity
averaged over a longer duration storm may be more appropriate.

(Other Methods

Rantz (9) describes the use of synthetic unit hydrographs for
ungauged watersheds. The synthetic hydrographs are derived from
unit hydrographs of gauged watersheds in a similar region. The
unit hydrograph is more useful for a complete watershed than for a
small subwatershed such as a typical construction site.

Hydrologic basin models may be used to simulate runoff. The USGS
Watershed Model (4) and the Stanford Watershed Model (3) use
precipitation and pan evaporation as inputs. An engineering firm
may have a sophisticated watershed-specific model available for
some locations., However, it is not practical to develop a model
simply to compute a peak discharge when the Rational Method
provides an adequate estimate.

18 .
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TABLE

2. RATIONAL METHOD "C" VALUES (13)

Land use C
Business:

Downtown areas 0.70-0.95

Neighborhood areas 0.50-0.70
Residential:

Single-family areas 0.30-0.50

Multi units, detached 0.40-0.60

Multi units, attached 0.60-0.75

Suburban 0.25-0.40
Industrial:

Light areas 0.50-0.80

Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.20-0.35
Railroad yard areas 0.20-0.40
Unimproved areas 0.10-0.30
Streets:

Asphaltic 0.70-0.95

Concrete 0.80-0.95

Brick 0.70-0.85
Orives and malks 0.75-0.85
Roofs 0.75-0.9%

Land use

Lawns:
Sandy soil, flat, 2%
Sandy soil, average, 2-7%
Sandy soil, steep, 7%
Heavy soil, flat, 2%
Heavy soil, average, 2-7%
Heavy soil, steep, 7 %

Agricultural land:

Bare packed soil
Smooth
Rough

Cultivated rows
Heavy soil no crop
Heavy soil with crop
Sandy soil no crop
Sandy soil with crop

Pasture
Heavy sof!
Sandy soil

Woodlands
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Note: The designer must use judgement to select the dppropriate C value within the
range. Generally, larger areas with permesadle soils, flat slopes and dense

Smaller areas with dense soils,

moderate to steep slopes, and sparce vegetation should be assigned highest

vegetation should have lowest (C) values.

(C) values.




NOINTENSITY (i) VALLES

TABLE 3. PRECIPITATIO
[SCC BAY AREA (10)

SAN FRANC
- ’HA Storm precipitation, in inches, corresponding to indicated valuss of
: mean annual prectpitation (PM). i inches
Duration |Re
Tenced
interval 10 12 14 16 18 20 k'] 4«0 L] 60 10
(yesrs)
S minutes 2 0.08 0.10 0.11 0.12 0.13 0.1& 0.16 0.19 0.2r 0.23 0.26
S A2 Jdé .15 .16 .17 .18 .21 24 .27 .30 .33
10 .15 .17 .18 .19 .20 .21 .24 .28 .31 .35 .38
25 A7 .19 .21 .23 .26 .25 .29 .32 .36 .40 Yy
50 .19 .21 .23 ) .26 .27 3l .35 .39 43 .47
100 .21 .23 .23 .26 .28 .29 .33 .38 62 46 .51
10 sinutes 2 13 .15 A7 .18 .20 .22 .28 .29 .32 .36 .40
b] .19 .21 .23 .25 .26 .27 .32 .37 .61 .46 .51
10 .23 .26 .28 .30 .32 .33 .38 43 .49 .54 .58
2s .27 .30 .33 .35 .37 .39 A3 .50 .56 .62 .58
50 .30 .33 .36 .38 .40 42 .48 .54 .61 .67 .73
100 .32 .36 .38 bl W43 .48 .52 .58 .65 .12 .79
15 miaoutes 2 .16 .19 .21 .23 .26 .27 .32 .36 W41 ) .50
5 .25 .27 .29 ) .33 .35 .41 47 .52 .59 .65
10 .30 .32 .35 .38 .40 .42 48 .58 .62 .68 .74
25 1) .38 .42 44 .47 .49 .56 .64 W71 .79 .86
S0 .38 .42 .45 .48 .51 .53 .61 .69 .77 .85 .93
100 41 .48 .48 .52 .58 .57 .66 74 .83 91 1.00
30 minutes 2 .22 .26 .29 .32 .36 .38 .4k .51 .57 .63 .70
) 34 .37 40 .43 &6 .48 .57 .65 713 .81 .90 .
10 .41 &5 .49 .52 .55 .58 .66 .76 .85 .94 1.0 1.12
25 .47 .53 .58 .62 .65 .68 .78 .88 .99 1,09 1.19 1.3
50 .52 .58 .62 .66 .70 .73 .85 96 1,07 1.8 1,29 1.40
100 .57 .62 .67 .72 .76 .19 .91 1.0 1.15 1,26 1.38 L.50
1 hour 2 .28 .13 .37 .41 .43 .48 .56 .64 W12 .80 .88 .96
S .43 .47 .51 .55 .58 .61 W12 .82 .92 1.03 l.l& 1.24
10 .52 .57 .62 .66 .70 .73 .84 .96 1.08 1.19 1.30 1.42
23 .60 .67 .13 .78 .82 .86 .99 1.12 1,25 1.38 1.51 1.8
50 .68 .73 .79 .84 .89 .93 1.07 1.21 1.35 1.49 1.63 1.77
100 .12 .79 .85 .91 .96 1.00 1.1S 1.30  1.45 1,60 1.75 1.9
2 hours 2 48 .51 .56 .61 .66 .70 .88 1.00 1,15 1.30 1.45 1.60
) .67 72 .76 .80 .84 .08 1,07 1,26 1,485 1.64 1.83 2.02
10 74 .79 .84 .89 .93 97 1.18 1.39 1.60 1.81 2.02 2.23
s .90 .94 .99 1.03 1.08 1.12 1.34 1.56 1.7¢ 2,00 .22  2.44
S0 .98 1.03 1.07 1.12 1.16 1.21 l.44 1.67 1,90 2.13 2.36 2.59
100 1.0 1.10 1.18 ™I 1,25 1.0 1.5 1.80 2,05 2.30 2.55 2.80
3 hours 2 .63 .68 .72 .77 .81 .06 1.09 1.32 1.5 1.78 2.01
S .78 .84 .89 .95 1.00 1.06 1.34 1,62 1.9 2.18 2.4
10 91 97 1.0 1.10 1.16 1.22 1.53 1.8 2,18 2.6 2.77
28 1.03 110 1.16 1.23 1.29 1.3 1.69 2.02 2,35 2.68 .01
50 114 1.21 1.28 1.34 1,41 1.48 1.82 2.16 2,5 2.8 13.18
100 1.2 1.32 1.39 1.46 1.%3 1.6 1.95 2.0 2.6 3,00 13.38
6 hours 2 91 99 1.07 1,16 1,24 1.32 1.7 2,14 -2.53 2.9 1.37 3.78
) L.16 1.25 1.36 1,46 1.57 1.68 2.22 2.76 3.30 3.84 4.38 4.92
10 1.30 1.42 1.5 1.66 1.78 1.90 2.% 3.10 13.70 4.0 4.9 5.50
3 1.6 1539 1.72 1.06 1.9 2.12 2.78 .M 46,10 4,76 3.42 6,08
50 1.60 1.74 1.88 2,02 2.16 2.0 300 3.70 4.0 5.10 5.% 6.50
100 1.73 1.88 2.02 2.17 2.31 2.46 1.19 3.92 4.65 5.38 6.11 6.8
12 houts 1 1.00  L.18 1.33 1,47 1.2 1.76 1.48 3.20 3.9 4.64 5.6 6.08
3 1.66 1.61 1.78 1.94 2.11 2.28 131.12 J.% 4.0 5.66 6.48 7.32
10 1.70 1.08 2.06 2.26 2.42 2.60 3N 440 3,0 6,20 7.10 8.00
23 1.90 2.10 2.0 2.0 2.70 2.9 1.90 4.9 5.9 6.90 7.% 6.9
50 2.15 2.3 2.87 2.78 2.99 120 4.23 5.30 6.3 7.40 B.45 9.5
100 2.3 2.57 2.79% 3.01  ).2) ).4% 4.5% 5.65 4.23 7.8% B.9% 10.0%
20 .
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The USDA, Soil Conservation Service (SCS) takes the unit hydroqraph
method one step further in its Method for Estimating Volume and
Rate of Runoff in Small Watersheds (12). The SCS method involves
determining:

e a runoff curve number based on a given set of watershed
land use characteristics;

e the rainfall time distribution;
e the drainage area.

Runoff from areas of 2,000 acres or less with slopes less than 30%
can be obtained directly from graphs published by the SCS. Stiltl,
the Rational Method is better adapted to urbanizing areas and, more
importantly, allows use of more detailed storm data than the SCS
method.

2. ESTIMATING SOIL LUSS

Several methods have been developed for estimating soil loss.
Generally, each method has been designed for a specific use. Most
often, sediment yield prediction methods were derived from studies of
large, undisturbed grasslands or forested areas. The Universal Soil
Loss Equation has the most applications for construction sites. The
Universal Soil Loss Equation is discussed below, followed by a brief
section on several other methods.

a. Universal Soil Loss Equation

The Universal Soil Loss Equation (USLE) was developed to predict
soil losses from agricultural lands (15). Recent adaptation of
several of the equation's factors to construction site conditions
allows use of the USLE to estimate erosion from building sites and
to evaluate the effects of erosion control practices (7,14).

The general form of the equation is:
A = RKLSCP,
where is the sediment yield, in tons per acre;
is the rainfall factor;
is the soil erodibility factor;
S is the slope lenqth and steepness factor;

is the vegetative cover factor;
is the erosion control practice factor.

OS>

To apply the equation, each of the parameters is assigned a
numerical value using tables and charts developed by Wischmeier and
Smith (14). The five factors are multiplied together to produce an
estimate of soil lost from the site in tons per acre averaged over
a 1 year period. The references cited above should be consulted
for details on applying the equation.

22
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The USLE reasonably approximates soil lgss from a construction site
unless severe erosion occurs from poor erosion control nractices.
The equation does not account for soil loss due to qully erosion.
Based on 12 sites in the San Francisco Bay Area observed during the
198U-81 winter season, the soil lass from areas that were not
severely eroded were within 30% of the predicted value.

The sediment yield prediction obtained by careful use of the
Universal Soil Loss Equation can be used to estimate the required
storage volume of a sediment basin. The equation can also be used
to compare the effects of different combinations of erosion control
and grading practices to find the most desirable combination of
control measures.

Other Methods

The Pacific Southwest Interagency Committee (8) produced a table
with 12 variables used to provide a qualitative estimate of
sediment loss from large forested watersheds. Flaxman (6) and
Dendy and Bolton (5) derived equations from reservoir sediment
deposition data gathered in rural areas. None of these methods
allows assessment of the individual effects of vegetative cover,
soil characteristics, and erosion and sediment control measures.

Another group of methods has been designed to estimate sediment
yield from roadways. These methods vary from very simple
techniques, such as graphs of road density versus sediment loss
with an assumption of the depth of soil eroded (1), to very complex
computer models (11). None of these methods provides both ease of
application and sufficient accuracy to be useful.
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V. STANDARDS AND SAMPLE SPECIFICATIONS FOR EROSION AND
SEDIMENT CONTROL MEASURES

This chapter contains standards and sample specifications for measures
to control erosion and sediment on construction sites. They are
intended to guide Bay Area cities and counties in developing their own
standards and specifications, which should be adopted as a manual and
referenced in the local erosion and sediment control ordinance.

Such a manual would have two uses. First, it would provide developers,
design professionals and contractors with technical information needed
to design and construct erosion and sediment control measures. Second,
it would serve as a benchmark for staff of local planning and public
works departments in assessing the adequacy of control measures proposed
in the erosion and sediment control plans. When control measures
different than those in the manual are described in an erosion and
sediment control plan for a project, the developer should be asked to
Jjustify his or her measures or to make them consistent with the manual.

Table 4 summarizes the erosion and sediment control measures and
identifies common situations in which each of these measures is
appropriate. The presence of a dot in a column opposite a control
measure does not mean that the control measure can always be used to
mitigate the problem shown. Conversely, the absence of a dot does not
imply that the control measure can never be used for that problem. The
table merely highlights typical applications.

As used in this chapter, a temporary control measure is installed during
construction but is not intended to be part of the finished development.
A permanent control measure is installed during construction and is, in
addition, planned to be part of the finished development.

When noted, the following standards and sample specifications were
adapted from California and nationwide USDA, Soil Conservation Service
standards and specifications, from Standards and Specifications for
Erosion and Sediment Control in Developing Areas (USDA, Soil
Conservation Service, College Park, Maryland, 19/5) and from Virginia
Erosion and Sediment Control Handbook (Virginia Soil and Water
Conservation Commission, Richmond, Virginia, 1980). Otherwise, the
standards and sample specifications were prepared by ABAG based upon
monitoring of construction sites in the Bay Area. Because of the
variability of local and site-specific conditions (such as rainfall and
soil conditions), all standards and sample specifications should be
reviewed by a qualified professional before they are adopted by a local
Jjurisdiction.

Several of the standards and sample specifications contained in the 1980
edition of this manual have been modified for this edition. Changes in
terminology have been made for simplification., Other changes have been
made based on analysis of control measure performance in the Bay Area.
The following are the major changes:
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Temporary Diversion Dike and Perimeter Dike has been replaced
by Temporary Dike;

Permanent Diversion has been replaced by Permanent Waterway;

Temporary Perimeter Swale and Temporary Interceptor Swale have
been replaced by Temporary Swale;

the rule-of-thumb sizing criteria for Temporary Sediment Basin
and Temporary Sediment Trap have been replaced by a design
method based on the surface area of the basin or trap;
Temporary Check Dam has been added;

Permanent Grassed Waterway has been replaced by Temporary and
Permanent Grass Protection of Waterways, Swales and Dikes;

Permanent Lined Waterway or Qutlet has been deleted.

26
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June 1981

L. TEMPORARY AND PERMANENT PLANTING OF EXPUSED SOUILS

STANDARDS

Uefinition

The planting of fast-growing vegetation, such as grasses, on erodible or
eroding areas.

Purpose

Vegetation stabilizes the soil by absorbing the impact of raindrops,
reducing velocity of runoff and allowing precipitation to enter the
soil. It praovides both short- and long-term protection from erosion and
should be used in all areas where vegetation has been removed or
disturbed due to construction activities. Examples of applicable areas
are cuts, fills, spoil heaps, and denuded or qullied areas. Exceptions,
requiring special treatment, are swales, permanent waterways and the
upslope toes of dikes over which concentrated runoff flows (see Standard
and Sample Specifications for Grass Protection of Waterways, Swales and
Dikes). Vegetative stabilization is recommended for all sites because
it substantially improves the effectiveness of other control measures.

Design Considerations

1. The following shouid be considered when selecting the plants for
seeding exposed areas:

e erosion control effectiveness--fast growth, complete
ground coverage, fibrous root mat;

commercial availability;

drought tolerance;

fire hazard;

fertilizer requirements;

application and maintenance costs.

2, Several types of plants are available for erosion control. The
best are annual grasses because they provide fast establishment,
are inexpensive and are widely available. Legumes are an excellent
supplement to grass mixes because they fix atmospheric nitrogen,
making it available to other plants. Flowers and shrubs qenerally
provide poor erosion control protection, but they are sometimes
used on less erodible sites for color and variety. Table 5 rates
plants for their erosion control effectiveness in the Bay Area when
seeded at the typical rates shown in the table,

3. The plants listed in Table 6 should not be used for erosion control

in the Bay Area. They compete with native vegetation and degrade
wildlife habitat. They have the propensity to spread rapidly and
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TABLE 2. ZRCSICM CONTROL RATINGS OF PLANTS USED 1% THL 3AY APSA

[$]

Height Erosion Ratin Typical Comments
: ¥Irst Foliowing Fue) Seed1ng
Plant Species Year Years  Volume Rates
(1bs/ac)
ANNUAL GRASSES
Brome, 'Blando’ 1-2%' Exc. Good Med. 40-60 Establishes on compact sofls better
than barley.
Fescue, 'Zorro' annual 10-12" Exc. Good Low 10-20 Best adapted to shallow soils,
Ryegrass, [talian or 1-3* Exc. Poor Med. 40-60 Much fertilizer required. Turns
annual gray-black and inhibits
reseeding of other species.
Ryegrass, 'Wimmera 62' 1-3' Exc. Poor Med. 40-60 Pros and cons similar to annual
ryegrass; matures earlfer,
Barley 2-3' Exc. Poor Med. 300 Good for early erosion control, but
requires high seeding rate.
Qats 3-4" Good Poor High 300 Requires high seeding rate, blends
with range landscape.
PERENNIAL GRASSES
Fescue, creeping red 1-1%' Good Good Low 15-30 Irrigation required.
Fescue, tall 3-6' Good Good Low 15-30 Irrtgation required; widely adaptable,
grows very tall unless mowed.
Hardinggrass 3-4' Fair Good Low 10-20 Min, 20" rainfall; bunchy growth
can block view.
Orchardgrass, 'Berber' 2-4' Good Good Low 15-30 Min. 20" rainfall; compatible with
or 'Palestine’ wildflowers. 'Berber' has better
winter growth, better adapted than
wheatgrass. .
Perlagrass ('Perla’ 3-4! Good Good Low 10-20 Min. 20" rainfall; bunchy growth can
knleagrass) block view,
Ryegrass, penennial 1-3! Good Poor Low 15-30 Cannot tolerate drought; may be
useful short-term cover.
Wheatgrass, 'Luna’ 24-40" Fair Good Low 10-40 Best performing wheatgrass variety;
pubescent . plant on fi11 slopes only.
ANNUAL LEGUMES
Clover, bur -1 Fair Good Low 5-20 Basic soils only.
Clover, crimson 1-2" Fair Poor Low 5-20 Compatible with grasses; has colorful
red flowers.
Clover, rose 1-1%' Fair Good Low 5-20 Compatible with grasses; has colorful
. pink flowers.
Subclover -1 Poor Fatr Low 3-10 Poor grass competitor; requires grazing
or mowing to maintain stand
vetch, 'Lana’' woolypod 1-3' Good Fair High 10-75 vigorous growth but difficult to mow.
PERENNIAL LEGUMES
Clover, strawberry 1-2" Poor Poor Low 5-20 Irrigation required; better perfor-
mance in moist climate.
Trefoil, broadleaf 1-2¢ Poor Poor Low 5-20 Irrigation preferred; does best in
wet areas.
Trefoil, narrowleaf 1-.2' Poor Poor Low 5-20 Similar to broadleaf; tolerates
slightly drier conditions
FLOWERS
California poppy 1-2' Fair Poor Low 2-10 CA native with colorful orange fiowers;
does not persist well with grasses or
where heavily fertilized.
Lupine, valley 1-3' Poor Poor Low 5-15 CA native with purple flowers.
Lupine, 'Ged1ing' Golden 1-3' 1-5 CA native with showy golden flowers.
Lupine, spider 1-3! Poor Poor Low 1-5 CA native with 1ight to deep blue flowers.
Lupine, foothill 1-3' Poor Poor Low 1-5 CA native with purple flowers.
SHRUBS
Austraiian saltbush 1 Fatr Good Low 6-12 Blue-green colored shrubs; good on fill
slopes, competes poorly with grasses.
California buckwheat 1-3* Poor Fair Low 5-10 CA native with brown flowers; competes

poorly with grasses.

a, Varles due to number of seeds per pound and germination.
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4.

create weed problems on otner properties. use of these species
should be restricted to controlled residentiz) and commercial
tandscaping. Wild oats, an agricultural weed, cannot be legally
planted in California. )

Table 6. PLANTS NUT RECUMMENUDED FOR THE BAY AREA

Algerian ivy Hedera canariensis
English ivy Hedera helix

French broom Cytisus monspessulanus
Pampas grass Cortaderia jubata
Periwinkle Vinca major and V., minor
Scotch broom Cytisus scoparius

Wild oats Avena fatua

Seeds should be planted in time to:

0 germinate with the normally occurring light, sarly-season
rains (0.5 to 1.0-inch storms);

0 establish a root mat capable of resisting the erosive
force of a 2.0-inch storm approximately 30 days after
germination);

0 germinate and grow while temperatures are mild and
daylight is relatively long (before November).

Optimum time for planting is before Uctober 1. Planting by October
1 provides a 90% probability that seeds will be in the ground
before the first rainfall great enough to cause germination, and a
90% probability that the first erosive rain will not occur for over
30 days.

The surface to be seeded should be roughened or broken up so that
it can hold seed and permit germination. If a graded area is to be
seeded later, it should not be smoothed by grading equipment, but
left in a rough or serrated condition. Roughening the soil surface
by "track-walking" provides an excellent seedbed and reduces the
erosive effects of surface water runoff,

The key factor in seeding is to cover the seeds with soil to the
proper depth. Other factors to consider are slope, size of area to
be seeded and soil depth.

(a) Handseeding is best on small areas. Breast seeders
{"belly-grinders") are inexpensive. Labor effort is 2 to 3
hours per acre.

(b) A seed drill works best on level areas. It should not be used

on siopes greater than 3:1. When seed is drilled, seed
requirements may be reduced up to 50%.
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(¢c) Hydroseeding is most efficient for seeding steep slopes and
shallow soils (such as cut slopes and slopes steeper than
2:1)., “Hydroseeding," as used in this standard, is the
simultaneous application of seed, fertilizer and mulch in a

slurry.

Factors to consider for irrigating a planted area include:

time of year;

water availability;
steepness of slope;
cost;

size of area;

equipment and technique;

frequency;
¢ drought tolerance of planted vegetation,

Irrigation is expensive (about $1,000 per acre per month). It is
generally not necessary unless the:

e seeded area is particularly critical (such as a steep,
erodible slope above a water supply reservoir);

e plant species used are not drought tolerant;
e seeds are planted at the wrong time of year.

Once begun, irrigation should be continued until plant cover is
fully established. Ceasing irrigation after germination leaves
seedlings vulnerable to destruction by drought. Excessive
irrigation or other improper irrigation practices can be harmful.

Application of mulch increases percentage of plant establishment
and protects a disturbed site from erosive farces. Mulch helps
hold fertilizer, seed and topsoil in place in the presence of wind,
rain and runoff, and maintains moisture near the soil surface.
Commonly used muliches include straw, wood fiber, wood chips or
bark, fabric or mats, soil and gravel.

The choice of mulch should be based on:

effectiveness of materials;
size of area;

steepness of slope;

soil depth and surface hardness;

wind conditions;

availability of materials;

cost;

access to roadway and slope orientation (uphill or
downhill); .

fire hazard;

weed growth;

maintenance and repair costs. -
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11.

Straw is the oreferred mulch material:

e on slapes of less than 2:1;

® in large areas accessible within 50 feet of straw-blowing
equipment;

e on fill slopes;

e in nonwindy areas;

e in downhill or downwind applications;

¢ where fire hazard and weed growth are not critical

factors;

¢ where repair and revegetation would be costly (straw
mulch is highly effective and should not require
maintenance if properly applied).

Wood fiber mulch, applied hydraulically, is the preferred mulch
material:

in areas more than 50 feet from road access;

on slopes steeper than 2:1;

on cut slopes with shallow soil cover;

in windy areas; '

where straw is not available;

where fire hazard or weed growth are critical factors.

While initial costs of applying wood fiber muich hydraulically may
be lower than costs of applying straw mulch, repair and maintenance
requirements are often greater with wood fiber because wood fiber
provides less immediate protection than straw.

Fertilizer is necessary for rapid growth of grasses or legumes. It
is important because construction activities generally result in
the exposure of infertile parent material. Ammonium phosphate
sul fate, 16-20-0, at the rate of 500 pounds per acre adequately
replenishes soil nutrients during the critical first year and
allows rapid plant cover establishment.

Slopes should be repaired and/or reseeded if the following
conditions are observed:

o sheet or rill erosion;
e sediment buildup at toe of slope.

If seeding is done long before September, seed 1o0ss caused by birds
and wind may be significant. Thus, planting during September may
improve results.,

Unit Cost Guide

$500-$1,000 per acre (as of fall 1979).
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Sources and References

This standard was prepared by ABAG based on the following sources:

1.

Crowell, Robert, Cagwin and Dorward Landscape Contractors and
Engineers, San Rafael, California.

Kay, Burgess L., Wildland Seeding Specialist, Department of
Agronomy and Range Science, University of California, Davis.

U.S. Department of Agriculture, Soil Conservation Service.

U.S. Department of Commerce, National Weather Service.
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June 1981

SAMPLE SPECIFICATIONS FOR TEMPORARY AND PERMANENT PLANTING OF EXPQSED
SUILS

Before seeding, necessary drainage controls such as dikes at tops of
slopes and swales on slope benches shall be installed to prevent runoff
from eroding slopes before grass is established. Temporary drainage
controls shall remain in place until permanent drainage facilities are
installed or until slopes are stabilized and temporary controls are no
longer necessary for continued slope stahbility.

1. The soil on the site shall meet the following criteria:

(a) The soil shall contain no more than 70% sand (as defined by
USDA, Soil Conservation Service). This is to provide enough
available water-holding capacity to support plant growth.

(b) The soil shall have sufficient porous base (greater than 30%)
to permit adequate root penetration and provide for exchange
of gases and water.

(c) The soil shall be free from any material harmful to plant
growth,

(d) Top soil that has been graded from the site shall be
stockpiled, whenever possible, for reapplication on exposed
graded slopes during the final grading stage. The soil shall
be disked into the existing soil to provide for a good bond.

2. The area to be seeded shall have a firm seedbed that has previously
been roughened by scarifying, disking, harrowing, chiseling or
track-walking, or otherwise worked to a depth of 2 to 4 inches
unless a roughened condition already exists. No implement shall be
used that will create an excessive amount of downward movement of
soil or clods on sloping areas. The seedbeds may be prepared at
the time of completion of earth-moving work.

3. Seeding, fertilizing and mulching shall be done by October 1 of any
year.

4, Slopes above critical areas, such as a water supply reservoir or an
existing residence, shall be stabilized by October 15 of any year.
Irrigation shall be used if rainfall is insufficient to establish
protection by this date.

5. The following seed mix shall be applied at or above the minimum
rate specified below: '
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Minimum Application Rate

Seed Type (pounds per acre)
‘Blando’ brome 30
Annual ryegrass 20

(Note: This is only one of several possible mixes. It is provided
for illustrative purposes.)

A1l seed shall be delivered to the site tagged and labeled in
accordance with the California Agricultural Code and shall be
acceptable to the County Agricuitural Commissioner,

Seed shall be distributed uniformly over the seedbed by hand
broadcasting, hydroseeding or other approved method. Seed shall be
covered to a depth of one-quarter to one-half inch except when seed
is hydraulically applied with a mulch. Seed shall not have a soil
cover greater than 1 inch.

Fertilizer shall be distributed uniformly over the seedbed at a
rate of not less than 500 pounds per acre. Fertilizer shall be
applied in any way that will result in uniform distribution,
Fertilizer shall be incorporated into the soil if possible.
Incorporation may be as part of the seedbed preparation or as part
of the seeding operation.

The fertilizer shall contain a minimum of 16% nitrogen, 20%
available phosphoric acid, 0% water soluble potash and 15% sulfur.
It shall be uniform in composition, dry and free flowing, pelleted
or granular,

A1l fertilizer shall be delivered in unbroken or unopened
containers, labeled in accordance with the applicable state
regulations, and bearing the warranty of the producer for the grade
furnished. -

Fertilizer may also be applied as a mix with seed and fiber in a
slurry (see No., 8 below).

A mulch covering shall be distributed uniformly over the surface of
the seeded area. Mulching shall follow immediately after seeding.

(a) For slopes flatter than 2:1 and within a 50-foot access of a
straw blower, the following procedure shall be used:

Straw mulch shall be of unrotted small grain straw and shall
be applied at the rate of 4,000 pounds per acre. Mulch
materials shall be relatively free of all noxious weeds. The
mulch shall be applied by hand, blower or other suitable
equipment. If the straw is applied with a blower, it shall be
chopped in lengths not shorter than 6 inches.
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10.

The mulch shall be anchored in place using hand tools,

mulching rollers, disks, nets, chemical tackifiers or other
suitable means.

(b) For slopes steeper than 2:1, mulch shall be applied
hydraulically as specified in No. 8.

“Hydroseeding" is defined as the simultaneous application of seed,
fertilizer and mulch in a slurry.

The hydroseeder shall be equipped with a built-in continuouys
agitation system of sufficient operating capacity to produce 4
homogeneous slurry and with a discharge system that applies the
slurry to the slopes at a continuous and uniform rate. Seed shall
not remain in the slurry longer than 30 minutes. The slurry shall
contain the required fertilizer (see No. 6 above) and shall also
contain wood fiber to be applied at the rate of 1,500 pounds of
wood fiber per acre.

The water used shall be potable water or Class 1 or 2 agricultural
irrigation water.

The slurry shall be continucusly mixed and shall be mixed for at
least 5 minutes after the last addition before application starts,
The slurry shall be applied at a rate that is nonerosive and
minimizes runoff.

Irrigation is optional, except on critical areas (see No. 4 above).
[f irrigation is required or desired, the following procedure shall
be used. The top 1 inch of soil of all seeded areas shall be kept
moist for the first 21 days after seeding. Moisture needs will be
determined by visual observation, After Z1 days the top 6 inches
of soil shall be kept moist until the first major rainstorm
(minimum 1.0 inch per 24 hour period). The moisture level shall
not be allowed to drop below 50% available moisture capacity.

Irrigation applications shall not exceed:

e 0.5 inch of water applied per acre per irrigation on
sandy soils;

e 1.0 inch of water applied per acre per irrigation on
loamy and clayey soils.

Irrigation water shall be potable or Class 1 or 2 agricultural
irrigation water, Water shall he applied by sprinklers or similar
devices at a nonerosive rate using the above criteria as a guide.

Seeded areas shall be inspected no more than 30 days after planting
and no more than 30 days after the first rain. Follow-up
inspections shall be done between 60 and 90 days after the first
inspection and once again in the spring. The spring inspection
shall establish any corrective measures necessary before the next
rainy season.
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[f at the 90-day inspection the vegetation is not established and
severe erosion is expected to continue, slopes shall be reseeded
and/or repaired. Eroded slopes shall be smoothed over, including
the filling of rills and/or qullies, before reseeding starts. The
reseeding operation shall follow the specifications given above,

Sources and References

These sample specifications were prepared by ABAG based on the following
sources:

1. Crowell, Robert, Cagwin and Dorward Landscape Contractors and
Engineers, San Rafael, California.

2., Kay, Burgess L., Wildland Seeding Specialist, Department of
Agronomy and Range Science, University of California, Davis.

3. U.S. Department of Agriculture, Soil Conservation Service.
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2. SEMPURARY AND PERMANENT GRASS PRUTECTION UF WATERWAYS, SWALES AND
[KES

STANDARD
Definition

Vegetation lining a natural or constructed waterway, swale or dike to
protect it from erosion.

Purpose

Grass protection of drainageways reduces erosion by lowering water
velocity over the soil surface and by binding soil particles with roots.
A drainageway, as used in this standard, is any ground surface over
which concentrated runoff travels. It is typically a manmade waterway,
swale or ditch, It may also be the upsiope side of a dike or berm,
which intercepts overland flow of water and directs the concentrated
flow along tnhe surface of the barrier. Grassed drainageways should not
be used:

o where the drainageway gradient must be steeper than 10%;

e below high sediment-producing areas unless measures ({such as
sediment basins) are installed to prevent sediment from
reaching the drainageway;

® above slopes where infiltration of water may cause soil
slumping or slope failure.

This standard supplements those for Permanent Waterway, Temporary Dike,
and Temporary Swale.

Design Considerations

1. The placement of a grassed drainageway must be carefully
considered. [ts design should be based on a comprehensive
evaluation of the surface contours and, for permanent waterways, on
estimated peak surface runoff from the design storm. Natural
subsurface drainage conditions should be evaluated to determine
whether drainage from a grassed drainageway will adversely affect
the subsurface drainage system.

2. Water velocity in grassed drainageways will be slower than in
concrete or earth-lined drainageways. Therefore, grassed
drainageways may need to be larger. If space does not permit the
design of a wide or gently sloping channel, then otner linings must
be used.

3. Qutlets should function with a minimum of erosion.
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6.

Grassed drainageways should be periodically inspected during the
rainy season to see that debris is not obstructing the drainage
path., Permanent grassed waterways should be seasonally maintained
by mowing or irrigating depending on the type of vegetation
selected. Grassed swales requiring mowing should be designed to
accommodate a minimum bottom width to aliow for mowing access.

Factors to consider in the selection of plants include:

e plants tolerant of temporary or seasonally high moisture
and waterlogged soil conditions;

e plants that establish extensive fibrous roots or rhizomes
to bind the soil mass and prevent erosion;

e plants that have low biomass and that do not mat
excessively or cause flow to channelize;

¢ plants that develop and establish rapidly following the
normally occurring light, early-season rains;

e plants that reseed and develap well from seed or provide
continuous vegetative growth,

Plants that meet these criteria are listed in Table 7.

Seeding rates for plants should be sufficiently high to provide a
dense grass stand. The seeds should be uniformly distributed to
reduce patchy gqrowth effects and seoil exposure, especially when
seeding bunching or nonspreading grasses.

Seeding, mulching, fertilizing and irrigating considerations are
the same as those discussed in the Standard for Planting of Exposed
Soils. However, hydraulically applied seed and mulch should be
used only if grass is established before the rainy season by
irrigating.

Stabilization of a grassed drainageway should be accomplished
before the first erosive rains of the season. Seeding should be
completed by September 15 to maximize the chances of intercepting
the light, early-season rains and the chances of grass
establishment by October 15. A good indicator of stabilization is
the absence of exposed soil in the drainageway.

Germinating rains do not always come before erosive rains. In
addition, early season rains are often insufficient to establish
adequate grass cover before the perigd of heavy winter rains
(Vecember to February). Therefore, a contingency plan is advised
to ensure either grass establishment or another form of drainageway
protection. Temporary irrigation measures can be used to establish
grass. Measures such as straw mulching at the time of seeding can
provide temporary protection until grass is established.
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Specialized erosion control liners can be installed at the time of
seeding or as part of a contingency plan to be implemented if grass
is not established by October 15, However, these liners vary in
cost and effectiveness and should only be used within the
manufacturer's limits.

If the area downstream from the drainageway is a critical area or
warrants increased protection, the grass should be established in
the drainageway by artificial means before the rainy season beqins
(before October 1).

Unit Cost Guide

Grass establishment: $1.00 - $1.50 per square yard (as of fall, 1979).

Sources and References

This standard was prepared by ABAG based on the following sources:

Kay, Burgess L., Wildland Seeding Specialist, Department of
Agronomy and Range Science, University of California, Davis.

U.S. Department of Agriculture, Soil Conservation Service.

U.S. Department of Commerce, National Weather Service.
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SAMPLE SPECIF ICATIONS FUR TEMPURARY AND PERMANENT GRASS PROTECTIUN OF
AATERWAYS, SWALES AND UIKES

(These sample specifications supplement those for Permanent Waterway.)

Design Specifications

1. The drainageway cross-section may be parabolic or trapezoidal. The
drainageway shall be designed to have stable side slopes, shall not
be steeper than 2:1 and shall be flat enouah to ensure ease of
maintenance of the structure and its protective vegetative cover.
The minimum cross-section shall meet the specified dimensions. A
minimum of 0.3 foot freeboard will be provided.

2. Drainageway grades may be uniform or variable. The drainageway
shall be designed within the maximum permissible flow velocities
given below:

i
I
I
I
I
I
I
[

Channel Max imum
Plant Gradient Velocity
l Cover ' (percent) (feet per second)
a. Annual ryegrass, 'Blando’ { 0-5 5
brome and barley or oats 5-10 4
' b. ‘Blando' brome, barley or { 0-5 5
oats and 'Luna' pubescent 5-10 4
’ wheatgrass
c. Tall fescue { 0-5 6
5-10 5

3. If a high potential exists for sediment accumulation in the
drainageway, a vegetated filter strip or sediment-trapping
structure shall be installed to trap the sediment before it can
enter the drainageway.

Grass £stablisnment Specifications

1. The soil and seedbed preparation shall be according to the Sample
' Specifications for Planting of Exposed Soils.

Z. Seed shall be applied according to the use and rates given below:



Temporary Swale or Uike Protection

Minimum Application Rate
(pounds per acre)

{Nonirrigated mix)

Annual ryegrass 50
'Blando' brome 50
Barley or oats 300

Permanent Waterway Protection

(Nonirrigated mix)

'‘Blando' brome 50
Barley or oats 300
‘Luna’ pubescent wheatgrass 40

Permanent Waterway Protection

(Irrigated mix)

Tall fescue (turf) 500

(Note: OUther grasses from Table 7 may substitute for those above, at
the recommended seeding rates. The seeding rates in Table 7 apply for

mixtures of two or more grasses. OUnly tall fescue and bermudagrass may
be used by themselves.)

3.

Seed and fertilizer shall be applied according to the Sample

Specifications for Planting of Exposed Soils, except as modified by
No.'s 4, 5 and 6 below.

"Hydroseeding" is defined as the simultaneous application of seed,
fertilizer and mulch in a slurry. Hydroseeding may be done oniy
when grass is to be fully established in the drainageway before
Uctober 1. Hydroseeded grass shall be.irrigated until established.
Hydroseeding shall be done as specified in No. 8 of the Sample
Specifications for Planting of Exposed Soils. :

Except when grass is established as specified in No. 4 above, a
straw mulch covering shall be distributed uniformly over the
surface of the seeded area. Mulch shall be applied immediately
after seeding. Straw mulch shall be of unrotted small grain straw
and shall be applied at the rate of 4,000 pounds per acre. Mulch
materials shall be relatively free of all noxious weeds. The mulch
shall be applied by hand, blower or other suitable equipment. If
the straw is applied with a blower, it shall be chopped in lengths
not shorter than 6 inches.

The mulch shall be anchored in place anchored using hand tools,
mulching rollers, disks, nets, chemical tackifiers or other
suitable equipment.
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Tne drainageway shall be seeded by .September 15 and be sufficiently
stabilized by October 15 to provide nonerosive drainage. The
criterion for channel stabilization shall be the absence of exposed
soil in the drainage path.

If grass siopes of less than 5% are not or will not be established

by Uctober 15, one of the following contingency measures shall be
implemented by that date:

(a) Seed and straw mulch shall be applied and covered with jute
matting according to the Standard and Specifications for
Protective Materials for Channels and Steep Slopes.

(b) Seed and straw mulch shall be applied and anchored with
erosion control netting according to the manufacturer's
specifications.

In drainageways with slopes of 5 to 10%, grass shall be established
by Uctober 15 by using irrigation according to the Sample
Specifications for Planting of Exposed Soils,

For drainageways in critical areas where failure of the grass

lining must be avoided, irrigation is recommended to ensure
stabilization by October 15.

When base flows of extended duration and of other than immediate
storm runoff origin are expected, structural protection shall be
according to one of the fotlowing:

(a) Stone centers for base flow shall be constructed as shown in
the sample drawing.

The stone center portion shall be stabilized with riprap
according to the Standard and Sample Specifications for
Riprap.

(b) A subsurface drain for the base flow shall be constructed as
shown on the sample drawing and as specified in the Standard
and Sample Specifications for Subsurface Drain.

{c) Gabion mattress channel liners may be used for base flow,
design flow and subsurface drainage.

Grassed drainageways shall be inspected at the time of seeding and
after each major storm. The drainage capacity of a permanent
waterway shall be restored to its original capacity before Uctober
15 of any year (except the first year of seeding) by mowing or
other grass-cutting practices. Drainageways damaged by erosion,
rodents, vehicles or other causes shall be repaired.
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Source and References

These sample specifications were prepared by ABAG based on the following
sources:

1. Kay, Burgess L., Wildland Seeding Specialist, Department of
Agronomy and Range Science, University of California, Davis.

2. U.S. Department of Agriculture, Soil Conservation Service, College
Park, Maryland, Standards and Specifications for Soil Erosion and
Sediment Control in Developing Areas, July 1975,
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Sample Drawing: Grassed Waterway With Stone Center

PARABOLIC CROSS-SECTION

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 19/5.)
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3. TEMPORARY DIKE

STANDARD
Definition

A temporary ridge of compacted soil installed immediately above a new
cut or fill slope or around the perimeter of a disturbed area.

Purpose

A dike performs either of two functions. When located above an exposed
slope, it intercepts storm runoff from small upland areas and diverts it
to an acceptable outlet. When located around the perimeter of a
disturbed area, it prevents runoff from entering this area and also
prevents sediment-laden runoff from leaving the disturbed area. A dike
remains in place until permanent drainage features are installed and/or
slopes are stabilized.

This standard applies to all earth-fill structures constructed according
to Earth Dams and Reservoirs (USDA, Soil Conservation Service, Technical
Release No. 60, June 1976).

Design Considerations

Design considerations should include the following:

drainage area;

top width and height;

side slopes and grade;
quantity of water diverted;
velocity of water diverted;
stabilization against erosion;
outlet.

Unit Cost Guide

$2.00-$3.00 per linear foot (as of fall 1979).

Source and Reference

This standard was prepared by ABAG based on materials furnished by staff
of the USDA, Soil Conservation Service.
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SAMPLE SPECIFICATIONS FOR TEMPORARY DIKE

Design and Construction Specifications

1.

The drainage area shall be less than 5 acres (for larger drainage
areas see Standard and Sample Specifications for Permanent
Waterway).

The top width shall be a minimum of 2 feet.

The height (compacted fill) shall be a minimum of 18 inches
measured from the existing ground at the upsiope toe to the top of
the dike. The maximum height shall be 30 inches.

The side slopes shall be 2:1 or flatter.

The grade along the face of the dike (flow area) shall be dependent
on topography, but shall be a minimum of 1% (sufficient grade to
drain) to an adequate outlet. Drainage must be positive. The
"flow area" of the dike is defined as the upslope portion of the
dike face and adjacent ground surface over which diverted runoff
water flows.

The flow area shall be stabilized:
(a) where the slope of the flow area exceeds 5%; or
(b) where the slope of the flow area is 1% to 5% and the maximum

flow velocity from the 10-year frequency storm is exceeded as
specified below:

Maximum Velocity
Flow Area Surface (feet per second)

Sand and sandy loam

Silt loam

Sandy clay loam

Clay loam

Clay, fine gravel and graded
Toam to gravel 5

Graded silt to cobbles 5.

6
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*
.
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Shale, hardpan and coarse
gravels
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10.

Stabilization, when required by No. 6 above, shall be:

(a)

(b)

-in accordance with the Standard and Sample Specifications for
Grass Protection of Waterways, Swales and Dikes, when the dike
intercepts runoff from a protected or stabilized area; or

by lining the flow area with stone that meets MSHA size No. 2
or AASHTO M43 size No. 2 or 28 in a layer at least 3 inches
thick and pressed into the soil, The lining shall extend up
the upslope side of the dike to a height of at least 8 inches
measured vertically from the upslope toe and shall extend
upslope from the upslope toe a distance sufficient to include
the flow area.

Diverted runoff from:

(a)

(b)

a protected or stabilized area shall outlet directly to a
grade stabilization structure and/or receiving water channel;

a disturbed or exposed upland area shall outlet to a sediment
trap or a sediment basin or to an area protected by these
practices.

A1l dikes shall be machine-compacted with the tires or tracks going
over at least 90% of the surface. There shall be a maximum of 6
inches of lift between each compaction.

The dike shall be inspected periodically and maintained as
required.

Source and Reference

These sample specifications were prepared by ABAG based on U.S.
Department of Agriculture, Soil Conservation Service, College Park,
Maryland, Standards and Specifications for Soil Erosion and Sediment
Control in Developing areas, July 1975.
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Sample Drawing: Dike*

18" min. -1 —— Flow

______ ~—— Stone stabilization,
'+ min. if required

: 2:1 slope or flatter
Cut or fill slope —e

Existing ground

CROSS SECTION

Positive drainage. (Grade
sufficient to drain)

=] [
~] D
< P

A
Y Y

Y V VYV VYV Y

A

Cut or fill slope

* Drainage area less than 5 acres

PLAN VIEW

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in

Developing Areas. July 19/5.)
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4. TEMPORARY SWALE

STANDARD
Definition

A temporary ditch or drainageway constructed across or around disturbed
areas of less than 5 acres, such as building pads or rights-of-way for
pipelines and streets.

PUFEOSQ

A swale performs either of two functions. When located on a slope
bench, it reduces the potential for erosion by intercepting storm runoff
and diverting it to a stabilized outlet or sediment-trapping device.
When located around the perimeter of a disturbed area, it prevents storm
runoff from entering this disturbed area or directs sediment-laden
runoff leaving this disturbed area. Runoff carried by a swale should be
adequately handled to prevent flooding or erosion damage to adjacent
property. A swale remains in place until permanent drainage features
ara instalied and/or slopes are stabilized.

Design Considerations

Design considerations should include the following:

location;

drainage area;

quantity and velocity of water being conveyed;
bottom width; '
depth;

side slope;

grade;

stabilization;

outlet;

traffic crossings;

spacing between swales.

Unit Cost Guide

$8.00-$15.00 per cubic yard (as of fall 1979), depending on the base
material.

Source and Reference

This standard was prepared by ABAG based on materials furnished by staff
of the USDA, Soil Conservation Service.
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SAMPLE SPECIFICATIONS FOR TEMPORARY SWALE

Design and Construction Specifications

l.

7.

The drainage area shall be less than 5 acres (for larger drainage
areas, see Standard and Sample Specifications for Permanent
Waterway).

The bottom width shall be a minimum of 7 feet and the bottom shall
be level.

The depth shall be a minimum of 1 foot.

The side siope shall be 2:1 or flatter (flat enough to allow
construction traffic to cross if desired).

The grade shall be dependent on topography, but shall be a minimum
of 1% (sufficient grade to drain) to an adequate outlet. Drainage
must be positive.

The swale shall be stabilized:

(a) where the slope of the swale bottom exceeds 5%; or

(b) where the slope of the swale bottom is 1% to 5% and the

maximum flow velocity from the 10-year frequency storm is
exceeded as specified below:

Maximum Velocity
Swale Surface (feet per second)

Sand and sandy loam

Silt loam

Sandy clay loam

Clay loam

Clay, fine gravel and graded
loam to gravel

Graded silt to cobbles

Shale, hardpan and coarse
gravels

L
.
[}
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Stabilization, when required by No. 6 above, shall be:
(a) in accordance with the Standard and Sample Specifications for

Grass Protection of Waterways, Swales and Dikes when the swale
receives runoff from a stabilized area; or
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10.

11.

12.

13,

14,

15,

(b) by lining the flow area with stone that meets MSHA No. 2 or
AASHTQ M43 size No. 2 or 24 in a layer at least 3 inches thick
-and pressed into the soil. The lining shall extend across the
bottom and up both sides of the channel to a height at least 8
inches vertically above the bottom.

At all points where the swale will be crossed by vehicles several
times a day, the swale shall be stabilized according to 7(b) above,
except that the stone lining shall be at least 6 inches thick for
the whole width of the traffic crossing.

Diverted runoff from:

(a) a protected or stabilized upland area shall outlet directly to
a grade stabilization structure and/or a receiving water
channel;

(b) a disturbed or exposed upland area shall be conveyed to a
sediment trap or basin or to an area protected by these
practices.

The swale shall be located to take advantage of the most suitable
outlet. The swale shall discharge without causing erosion at its
outlet.

A1l trees, brush, stumps, obstructions and other objectionable
material shall be removed and disposed of so as not to interfere
with the proper functioning of the swale.

The swale shall be excavated and/or shaped to line, grade and
cross-section as required to meet the criteria specified herein,
and be free of bank projections or other irreqularities that will
impede normal flow.

Fills shall be compacted as needed to prevent unequal settlement
that would cause damage in the completed swale.

All earth removed and not needed in construction shall be spread or
disposed of so it will not interfere with the functioning of the
swale.

The swale shall be inspected periodically and maintained as
required.

Source and Reference

These sample specifications were prepared by ABAG based on U.S.
Department of Agriculture, Soil Conservation Service, College Park,
Maryland, Standards and Specifications for Soil Erosion and Sediment
Control in Developing Areas, July 1975,
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Sample Drawing: Swale

PERIMETER SWALE

(not to scale)
2:1 or flatter

———“"’_"_ﬂizjiur—t—_ T)//,—<<f;::;;ing ground
1*' min.

| 7' min. |
| level '
Flow CROSS~-SECTION Flow
1% or steeper, dependent on topography
X Y Y
4———— ‘h
T X - . > T X X XX
Outlet as required. PLAN VIEW

See 1tem 6, above.

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 19/5.)
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5.  TEMPORARY GRADE STABILIZATION STRUCTURE

STANDARD
Definition

A temporary pipe or chute constructed of nonerodible material extending
from the top to the bottom of a slope.

Purpose

In areas with a concentrated, high velocity surface runoff flow, a
temporary pipe or chute conveys the runoff down slopes without causing
erosion, :

This standard and sample specifications applies to all types of grade
stabilization structures up to a maximum drainage area of 36 acres.
(For drainage areas of less than 5 acres, see Sample Specifications for
Pipe Slope Drain. For drainage areas between 5 and 36 acres, see Sample
Specifications for Paved Chute or Flume.)

vesign Considerations

Design considerations should include the following:

drainage area;

slope;

capacity;

material (rigid pipe, flexible pipe or paved chute);
pipe or chute dimensions;

dike at entrance to pipe or chute;

outlet protection;

erosion potential downstream.

Unit Cost Guide

Variable, depending on materials, local topography and size.

Source and Reference

This standard was prepared by ABAG based on materials furnished by staff
of the USDA, Soil Conservation Service.
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July 1980

SAMPLE SPECIFICATIONS FOR TEMPORARY GRADE STABILIZATION STRUCTURE

*

Design Specifications

The quality of the materials shall be adequate to provide the stability
and durability required to achieve the planned objective with
appropriate safety factors. A pipe slope drain or a paved chute or
flume shall be used to convey surface runoff down slopes without causing
erosion. The maximum allowable drainage area shall be 5 acres for a
pipe slope drain, and shall be 36 acres for a paved chute or flume.

Pipe Slope Drain -

1. Pipe slope drains are to be used as follows:

Pipe/Tubing Diameter, Maximum Drainage
Size D, (inches) Area (acres)
PSD-12 12 0.5
PSD-18 18 1.5
PSD-21 21 2.5
PSD-24 24 3.5
PSD-30 30 5.0

(Note: These pipe size specifications are examples only.
The pipe dimensions for each project should be calculated
by a qualified engineer based on local conditions.)

2. The height of the earth dike at the entrance to the pipe slope

drain shall be equal to or greater than the diameter of the pipe
plus 12 inches (see sample drawings).

3.  The pipe slope drain shall outlet onto a riprap apron and then into
a stabilized area or stable water course, A sediment-trapping
device shall be used to trap sediment from any sediment-laden water
conveyed by the pipe slope drain.

Paved Chute or Fiume -

1. Size Group A
The height (H) of the dike at the entrance is at least 1.5 feet.

The depth (D) of the chute down the slope is at least 8 inches.
The length (L) of the inlet and outlet sections is 5 feet.
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>1ze Group B

The height (H) of the dike at the entrance is a: least 2 feet.
The depth (D) of the chute down the slope is at least 10 inches.
The length (L) of the inlet and outlet sections is 6 feet.

Each size group has various bottom widths and allowable drainage
areas as shown below:

Maximum Max imum
Bottom Width Drainage Area Bottom Width Drainage Area

Size* B, (feet) (acres) Size* B, (feet) _(acres)
A-2 2 5 B-4 4 14
A-4 4 8 B-6 6 20
A-6 6 11 B-8 8 25
A-8 8 14 8-10 10 31
A-10 10 18 B-12 12 36

2.

Construction Specifications

*The size is designated with a letter and a number, such as

(Note: These chute and flume size specifications are examples
only. The chute or flume dimensions for each project should
be calculated by a qualified enqineer based on local
conditions.)

A-6, which means a chute or flume is size group A with a

6-foot bottom width. The selected size shall be shown on the
plans. _

When a paved chute or flume of size group B is used, the velocity
at its outfall shall be checked for erosion potential downstream,

Rigid Pipe Slope Drain -

1.
2.

6.

The inlet pipe shall have a slope of 3% or steeper.

The top of the earth dike over the inlet pipe, and those dikes
carrying water to the pipe, shall be at least 1 foot higher at all
points than the top of the inlet pipe.

The pipe shall be corrugated metal pipe with watertight connecting
bands.

A riprap apron shall be provided at the outlet. This shall consist
of 6-inch diameter stone placed as shown on the sample drawing.

The soil around and under the inlet pipe and entrance section shall
be hand-tamped in 4-inch lifts to the top of the earth dike.

Follow up inspection and any needed maintenance shall be performed
after each storm.
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Fléxible Pipe Slaope Urain -

l.

2.

The inlet pipe shall have a slope of 3% or steeper.,

The top of the earth dike over the inlet pipe, and those dikes

carrying water to the pipe, shall be at least 1 foot higher at all
paints than the top of the inlet pipe.

The inlet pipe shall be corrugated metal pipe with watertight
connecting bands.

The flexible tubing shall be the same diameter as the inlet pipe
and shall be constructed of durable material with hold-down
grommets spaced no more than 10 feet on centers.

The flexible tubina shall be securely fastened to the corrugated
metal pipe with metal strapping or watertight collars.

The flexible tubing shall be securely anchored to the slope by
staking at grommets provided.

A riprap apron shall be provided at the outlet. This shall consist
of 6-inch diameter stone placed as shown on the sample drawings.

The soil around and under the inlet pipe and entrance section shall
be hand-tamped in 4-inch 1ifts to the.top of the earth dike.

Follow-up inspection and any needed maintenance shall be performed
after each storm.

Paved Chute or Flume -

1.

nNe
.

The structure shall be placed on undisturbed soil or on well
compacted fill,

The cut or fill slope shall not be steeper than 2:1 and shall not
be flatter than 20:1.

The top of the earth dike at the entrance, and those dikes carrying
water to it, shall not be Jower at any point than the top of the
lining at the entrance of the structure.

The lining at the entrance to the structure shall extend the
distance H above the lining crest shown on the sample drawings,

The lining shall be placed beginning at the lower end and
proceeding up the slope to the upper end. The lining shall be well
compacted and free of voids. The lining surface shall be
reasonably smooth.

The entrance floor at the upper end of the structure shall have a
slope toward the outlet of one-quarter to one-half inch per foot.
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aprons shall be continuous with the lining.

8. The lining shall consist of Type 2 Portland cement cencrete (3,000
psi), bituminous concrete or .comparable nonerodible material.

9, An energy dissipator of adequate design shall be used to prevent
erosion at the outlet.

Source and Reference

These sample specifications were prepared based on materials furnished
by staff of the USDA, Soil Conservation Service and modified by ABAG for
simplification and clarity.

Sample Drawing: Grade Stabilization Structure®

PIPE SLOPE DRAIN (RIGID)

(not to scale)

Discharge into a
stabilized watercourse,
sediment trapping device,
or onto stabilized area.

Cutaway used
to show inlet

"%~ Earth Dike

Length as necessary to ao Standard Flared
thru dike f;‘mdfy /Entrance Section
55=2:1 '\\\ ]

— —22 1/2° Elbows

\

\ Cortuqaced_
' Metal Pipe

i
( H=D+12"

-

, =4
6" min. 6D [B¥H

51°P;‘;;T> cutoff ;%
or steeper wall

Diameter (D)

PROFILE

Riprap shall consist of 6"
diameter stone placed as shown.
Depth of apron shall equal the
pipe diameter and riprap shall
be a minimum of 12" in thick-
ness.

@ less than 1% slope

v

NOTE: Size designation is: PSD-Pipe Diam.
(ex., PSD-12=Pipe Slope Drain with 12" diameter pipe) RIFRAP APRON PLAN

* Drainage area must not exceed 5 acres

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 1975.)




Sample Drawing: Grade Stabilization Structure®

PIPE SLOPE NRAIN (FLEXIBLE)
pischarge into a (not to scale)
stabilized watercourse,
sediment trapping device, ’7
or onto a8 stabilized area. /

NOTE: Size designation is:
PSD~Pipe Diam. (ex., PSD-18=
Pipe Slope Drain with 18"
diameter pipe)

Length as necessary

..,,"‘ ,:." v .~ '..‘“\ ey ,'-‘;:.‘ \ 'y
. L "I“\-T":‘—“\ 7;‘\:‘:“1 ﬂ
t thru dike
° 9% ) Standard flared
22 1/2° pipe | Entrance Section
\ I }

elbow

HuD+12" éD

Watertight ___
connecting — 6" min.
band ] cutoff wall ;
Slope 31X or steeper K
Flexible 1 G 23
pipe AR Riprap snall consist of 6"
‘ll i ' PROFILE diameter stone placed as
4’ min : shown. Depth of apron shall
ual the pi diameter and
@ less than 1% slope i pipe

riprap shall be a minimum
of 12" in thickness.

* Drainage area sust not exceed 5 acres. RIPRA® APRON PLAN

(adapted from USDA, Sail Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 19/5.)
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Sample Drawing: Grade Stabilization Structure

Top of earth aike & PAVED CHUTE OR Dinen- | 212€ broup

/ 5, top of lining FLUME sion A 8
Hon 1,5 2.0
\\-. Slope varies, not d 8 10"
\ steeper than 1.5/ 1 0. ; ;
1 N & not flatter than mof 3 6
6 BN 20:1
Undisturbed soil or
compacted fill 6' min.
PROF ILE
e— ’H I 9"min
----- .S'M—,-
Place 3" layer of sand f
for drainage under outliet as shown
3 for full width of structure
> Riprap is 9" layer of
N \ 6" min. rock or rubble
Q
l »S L,/ B.‘__l ! aQ >
2', \
] Y A" 4 Y AY 4
bl ""_‘L‘_""‘.._ Min siope br
i :-—K i oertr |
' _—
7 A — X
,"E’ : &  pe——t®
R+ \\
- |
: \Toe of slope
& /
PLAN VIEW

,
IR
57 =\\\-§z, W

‘“mn
SECTION B-8.

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil--Erosion and Sediment Control in
Developing Areas. July 138/5.)
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June 1981

6. TEMPORARY SEDIMENT BASIN

STANDARD
Definition
A temporary basin constructed to collect and store sediment or debris.

Purpose

A sediment basin collects and holds runoff to allow suspended sediment
to settle out. A number of small basins are preferable to one large
basin. They are used in conjunction with other measures to control
runoff, erosion and sedimentation. They are particularly useful below
construction operations that expose soil to erosion. Sediment basins
remain in place until the disturbed area is permanently stabilized and
serve to:

® preserve the capacity of reservoirs, ditches, canals,
waterways and streams;

e abate or reduce pollution;

® prevent undesirable deposition on bottomland and developed
areas.

This standard establishes the minimum acceptable standards for the
design and construction of sediment basins where:

o the effective height of the basin dam is less than 10 feet.
(The effective height is the difference in elevation measured
from the emergency spillway crest to the lowest paint in the
cross-section taken along the centerline of the dam, If there
is no emergency spillway, the top of the dam is the upper
limit.) For basin dams exceeding 10 foot height, consult a
qualified civil engineer;

e the earth-fill structure is constructed according to Earth
Dams and Reservoirs (USDA, Soil Conservation Service,
Technical Release No. 60, June 1976) and all local codes and
requlations;

e the basin is to be removed within 12 months after the
completion of construction on the site.

For sediment basins that exceed the limits of this standard and for
alternate methods of design, consult a qualified civil engineer.
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Plans and specifications should comply with the rules and reqgulations of
the California Division of Dam Safety, the California NDepartment of Fish
and Game and other state or local agencies.

Design Considerations

Design considerations should include the following:

state and local laws, rules and regulations;
drainage area;

design capacity;

cleanout frequency;

embankment and/or excavation specifications;
principal spillway;

emergdency spillway;

compatibility with existing topography;

risk of basin failure;

soil erodibility, settleability, accumulation rate and
particle size;

o controlled access for safety.

It is permissible to have a number of small sediment basins rather than
one large basin. Small basins may be easier to locate, cheaper to build
and easier to maintain. In addition, property damage risk is generally
much lower with small basins. However, no basin should discharge to a
lower basin unless the lower basin is designed to handle the runoff from
the entire drainage area.

This standard and sample specifications describes a method to size
sediment basins according to a surface area criterion. The surface area
is determined by the expected flow and the settling velocity of the
particle size to be captured.

The basin volume consists of a settling zone and a storage zone. The
settling zone should be a minimum of 2 feet deep. The storage volume is
estimated using the Universal Soil Loss Equation. Storage requirements
will vary considerably depending primarily on local rainfall. Sediment
storage volumes in the Bay Area can range from 30 to 120 cubic yards per
acre, based on annual cleanout, 10% slopes, no other erosion _control
practices and typical rainfall values.

Ideally a basin designed to this specification will attain a maximum
practical sediment capture of approximately 60 to 70%. However, the
fine particles common in Bay Area soils are very difficult to contain in
a settling basin. Thus, sediment basins alone are not sufficient
protection against soil loss. Erosion and sediment control plans that
include vegetative cover of exposed slopes and nonerosive channeling of
runoff greatly reduce the expected sediment yield. With such measures
included in the plan, the storage volume of sediment basins can be
significantly smaller than the figures quoted above and performance will
be maximized.
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Due to the nature of Bay Area soils, it is strongly recommended that, in
the Bay Area, sediment basins be supplemented with other erosion control
measures.

The Universal 50i1 Loss Equation can also be used to estimate the effect
of vegetation and other erosion control measures on sediment loss. For
example, established vegetation reduces soil loss by an approximate
factor of 10. [If this reduced figure is used to calculate the required
storage volume of a basin, an inspection schedule should be implemented
to ensure that vegetation does become established. In addition,
unexpected high-intensity storms can generate more sediment than
predicted. Therefore, sediment basins should be inspected for cleanout
after every major storm, regardless of vegetative cover.

Unit Cost Guide

%500.00-$15,000 (as of fall 1979), depending on size, local topography
and site conditions.

Source and Reference

This standard was prepared from materials furnished by staff of the
USDA, Soil Conservation Service and modified by ABAG to reflect the
surface area of the basin as a principal design criterion.
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SAMPLE SPECIFICATIONS FOR TEMPORARY SEDIMENT BASIN

Design Specifications

Plans and specifications shall comply with rules and regulations as set
forth by the California Division of Dam Safety, California Department of
Fish and Game, and other state or local agencies.

1. For the purpose of these specifications, sediment basins are
classified as follows:

CLASSIFICATION OF TEMPORARY SEDIMENT BASINS

Max. Drainage Max. Height* Min. Embankment Embankment Anti-Seep
Size Area, acres of Dam, ft. qugyidthzgft. Side Slopes Collar Req'd.

1 100 10 8 2:1 or See item 12
flatter

%% 100 15 10 2-1/2:1 or Yes
flatter

*Height is measured from the low point of original ground along the
centerline of dam to top of the dam.

**ABAG recommends that for dam heights exceeding 10 feet, a civil
engineer be consulted for basin design.

2. The sediment basin shall be located to obtain the maximum storage
benefit from the terrain and for ease of cleanout of the trapped
sediment., It shall be located to minimize interference with
construction activities and construction of utilities.

3. The volume of the sediment basin shall consist of two portions: a
sediment storage zone and a settling zone.

SEDIMENT BASIN VOLUME REQUIREMENTS
(not to scale)
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The sediment storage zone shall consist of sufficient volume to
retain sediment expected to be captured by the basin between
maintenance cleanouts, For a once-per-year cleaning, storage for
an entire season's soil capture shall be provided. This volume is
in addition to the settling zone volume of the basin and may be
estimated using the Universal Soil Loss Equation for incoming
sediment and assuming basin efficiency for retaining sediment.

The.seqiment sgttling zone shall always be kept free of sediment.
Within it, particles of sediment settle to the storage zone. The

sediment settling volume shall be based upon a minimum 2-foot depth
to the storage zone.

The surface area of the sediment basin shall be calculated at the
neight of the rim of the riser as follows:

A (sq. ft.) = K Q (cfs)
Vs (ft/sec)

where: A is the surface area of the sediment basin, in square
feet;

Q is the design overflow rate at the riser or spillway,
in cubic feet per second;

Vs is the settling velocity of the selected particle size,
expressed in feet per second. (A1l soil particles
greater than or equal to the selected particle size are
to be retained in the basin.)

K is an adjustment factor for nonideal settling basins,
equal to 1.2.

The design overflow rate at the riser, Q, shall be calculated by
the Rational Method, or other approved method, and shall be based
upon a minimum rainfall intensity of the 10-year-frequency, 6-hour
duration rainfall total, averaged over 6 hours, for the site in
question. Runoff computation shall be based upon the soil cover
conditons expected to prevail in the contributing drainage area
during the anticipated effective life of this sediment basin.

The settling velocity, Vs, which shall be for the 0.02-millimeter
particle, is 0.00096 feet per second. (This particle size is
recommended. The local jurisdiction may select another particle
size based upon the efficiency desired.)

The basin configuration shall be such that the length is greater
than or equal to the width. '
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10.

11.

12.

Basins constructed with length-to-width ratios ranging from 1:1 to
9:1 shall have a baffle constructed anywhere from near the inlet to
the basin to mid-way to the riser. This baffle shall divert the
inflow evenly across the width of the basin. The basin dimensions
necessary to obtain the required volume and configuration shall be
clearly shown on the plans. (See Appendix D for further details.)

The combined capacities of the riser or principal spillway and the
emergency spillway shall be sufficient to pass the peak rate of
runoff from a storm size commensurate with the degree of protection
desired.

Sediment basins shall be cleaned out when the storage volume is
full. Unexpected high-intensity storms can generate higher
quantities of sediment than predicted by the Universal Soil Loss
Equation. Therefore, sediment basins shall be inspected for
cleanout after every major storm.

This cleanout shall restore the sediment basin to its original
design volume. The elevation corresponding to the maximum
allowable sediment level shall be determined, shall be stated in
the design data as a distance below the top of riser, and shall be
clearly marked on the riser. In no case shall this sediment level
be less than 2 feet below the top of the riser.

The principal spillway shall consist of a vertical pipe or box-type
riser joined with a watertight connection to a pipe extending
through the embankment and outlet beyond the downstream toe of the
fill. The principal spillway shall meet the following
specifications:

a. The minimum capacity of the principal spillway shall be equal
to the peak flow expected from the design storm. For those
basins with no emergency spillway, the principal spillway
shall have the capacity to handle the peak flow from a
rainfall event commensurate with the degree of hazard
involved. The minimum diameter of the pipe shall be 8 inches,
(See Appendix D for principal spillway sizes and capacities.)

b. When used in combination with an emergency spillway, the crest
elevation of the riser shall be 1 foot below the elevation of
the control section of the emergency spillway.

c. The riser shall be completely watertight and shall not have
any holes, leaks, rips or perforations, except for the inlet
opening at the top and a dewatering opening,

d. Means for dewatering the settling zone shall be included in

the sediment basin plans submitted for approval, and shall be
installed during construction of the basin.
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Dewatering shall be done in such a manner as to remove the
relatively clean water without removing any of the sediment
that has settled out and without removing any appreciable
quantities of floating debris. Usually the settling zone may
be dewatered by making a hole in the riser unless otherwise
required by the approving agency. This hole shall not be
larger than 4 inches in diameter and the lower edge of the
hole shall not be lower than the required sediment-cleanout

elevation. (For other methods of automatically dewatering the
settling zone see Appendix D.)

The sediment itself will have a high water content, to the
point of being "soupy." Dewatering the sediment is not
required but does facilitate cleanout of the basin and
provides a public safety factor. The only practical means of
dewatering the sediment is by the use of an underdrain.
(Details of an acceptable underdrain system are given in
Appendix D.)

A concentric anti-vortex device and trash rack shall be
securely installed on top of the riser (see Appendix D).

A base with sufficient weight to prevent flotation of the
riser shall be attached to the rise with a watertight
connection. Two approved bases for risers 10 feet or less in
height are:

e concrete base 18 inches thick with the riser imbedded
6 inches in the base;

o 1/4-inch minimum thickness steel plate attached to
the riser by a continuous weld around the
circumference of the riser to form a watertight
connection. The plate shall have 2.5 feet of stone,
gravel or tamped earth placed on it to prevent
flotation.

In either case, each side of the square base shall be twice
the riser diameter. For risers higher than 10 feet,
computations shall be made to check flotation. The minimum
safety factor shall be 1.25 (downward forces = 1.25 x upward
forces).

Anti-seep collars shall be installed around the pipe conduit
within the normal saturation zone to increase the seepage
length at least 10% when any of the following conditions
exist:

e the settled height of dam exceeds 10 feet;
e the embankment material has a low silt-clay content

(Un1f1ed Soil Classes SM-or GM) and the pipe diameter
is 10 inches or greater,
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The phreatic line may be approximated with a line drawn
downward on a 4:1 slope from the intersection of the normal
pool (corresponding to the top of the riser and the upstream
face of the embankment.) The seepage length is the length of
the flow path of a particle of water along the conduit from
the riser to the point of intersection between the approximate
phreatic line and the invert of the pipe conduit. When
anti-seep collars are used, the equation for revised seepage
length becomes:

Ls + 2nVv > 1.1 Ls or n> _.051Ls

where: Ls 1is the saturated length of pipe between the riser
and the intersection of the phreatic line and the
pipe invert, in feet;

n s the number of anti-seep collars;

V is the vertical projection of the collar from the
pipe, in feet.

(See Appendix D for anti-seep collar design.)

The anti-seep collar and its connection to the pipe shall be
watertight. The anti-seep collar(s) shall be located below
the phreatic line in the embankment and should be equally
spaced. The maximum spacing, in feet, between collars shall
be 14 times the minimum projection of the collar measured
perpendicular to the pipe. Collars shall not be located
closer than 2 feet to a pipe joint. There shall be sufficient
distance between collars to allow passage of hauling and
compacting equipment.

An outlet shall be provided, including a means of conveying
the discharge in an erosion-free manner to an existing stable
stream, Drainage easements shall be obtained if this
discharge crosses the property line before reaching the
stream, These easements shall be in writing, shall be
referenced on the erosion and sediment control plan, and shall
be submitted for review along with the erosion and sediment
control plan. Protection against scour at the discharge end
of the pipe spillway shall be provided. Measures may include
impact basin, riprap, revetment, excavated plunge pools, or
other approved methods (see Standard and Sample Specifications
for Storm Drain Outlet Protection).

13. Emergency spillways shall not be constructed on filf. The

emergency spillway cross-section shall be trapezoidal with a

minimum bottom width of 8 feet. Emergency spillways shall meet the

following specifications:
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14,

15.

16.

17.

(a) The minimum capacity of the emergency spillway shall be that
required to pass the peak rate of runoff from a
10-year-frequency storm, or one commensurate with the degree
of hazard involved. Emergency spillway dimensionsg may be
determined by using the method in Appendix D.

(b) Erosion protection shall be provided by vegetation or other
~ suitable means such as riprap, asphalt or concrete.

(¢c) The velocity of flow in the exit channel shall not exceed 6
feet per second for vegetated channels. For channels with
erosion protection other than vegetation, velocities shall be
within the nonerosive range for the type of protection used.

(d) The freeboard shall be at least 1 foot. Freeboard is the
difference between the design high-water elevation in the
emergency spillway and the top of the settled embankment. If
there is no emergency spillway, it is the difference between
the water surface elevation required to pass the design flow
through the pipe and the top of the settled embankment,

Embankment cross-sections shall be as follows:

(a) Size 1 basins: The minimum top width shall be 8 feet. The
side slopes shall not be steeper than 2:1.

(b) Size 2 basins: The minimum top width shall be 10 feet. The
side slopes shall not be steeper than 2-1/2:1,

Points of entrance of surface runoff into excavated sediment basins
shall be protected to prevent erosion. Dikes, swales, grade
stabilization structures or other water control devices shall be
installed as necessary to ensure direction of runoff and to protect
points of entry into the basin., Points of entry should be located
so as to ensure maximum travel distance of entering runoff to point
of exit from the basin.

The sediment basin plans shall indicate the method(s) of disposing
of the sediment removed from the basin. The sediment shall be
placed in such a manner that it will not erode from the site. The
sediment shall not be deposited downstream from the basin or in or
adjacent to a stream or flood plain.

The sediment basin plans shall also show the method of disposing of
the sediment basin after the drainage area is stabilizad, and shall
include the stabilizing of the sediment basin site. Water lying
over the trapped sediment shall be removed from the basin by
pumping, cutting the top of the riser or other appropriate method
prior to removing or breaching the embankment. Sediment shall not
be allowed to flush into a stream or drainageway.

Sediment basins are attractive to children and can be very
dangerous. Therefore they shall be fenced or otherwise made
inaccessible to persons or animals unless this is deemed
unnecessary due to the remoteness of the site or other
circumstances. In any case, local ordinances and regulations
regarding health and safety shall be adhered to.
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Construction Specifications

1. Areas under the embankment and any structural works shall be

cleared, grubbed and stripped of any vegetation and rootmat. In
order to facilitate cleanout and restoration, the basin area shall
be cleared also.

A cut-off trench shall be excavated along the centerline of
earth-fill embankments. The minimum depth shall be 2 feet. The
cut-off trench shall extend up both abutments to the riser crest
elevation. The bottom width shall be wide enough to permit
operation of excavation and compaction equipment and a minimum of 4
feet. The side slopes shall be no steeper than 1:1. Compaction
requirements shall be the same as those for the embankment, The
trench shall be dewatered during the backfilling-compacting
operations. :

Fill material for the embankment shall be taken from approved
borrow areas. It shall be clean mineral soil free of roots, woody
vegetation, oversized stones, rocks or other objectionable
material. Relatively pervious materials such as sand or gravel
(Unified Soil Classes GW, GP, SW and SP) shall not be placed in the
embankment. Areas on which fill is to be placed shall be scarified
prior to placement of fill. The fill material shall contain
sufficient moisture so that it can be formed by hand into a ball
without crumbling. If water can be squeezed out of the ball, it is
too wet for proper compaction. Fill material shall be placed in 6
to 8-inch thick continuous layers over the entire length of the
fill. Compaction shall be obtained by routing the hauling
equipment over the fill so that the entire surface of each layer of
the fill is traversed by at least one wheel or tread track of the
equipment, or by the use of a compactor. The embankment shall be
constructed to an elevation 10% higher than the design height to
allow for settlement if compaction is obtained with hauling
equipment. If compactors are used for compaction, the overbuild
may be reduced to not less than 5%.

The principal spillway riser shall be securely attached to the
discharge pipe by welding all around and all connections shall be
watertight. The pipe and riser shall be placed on a firm, smooth
soil foundation. The connection between the riser and the riser
base shall be watertight. Pervious materials such as sand, gravel,
or crushed stone shall not be used as backfill around the pipe or
anti-seep collars. The fill material around the pipe spillway
shall be placed in 4-inch layers and compacted under the shoulders
and around the pipe to at least the same density as the adjacent
embankment. A minimum of 2 feet of hand-compacted backfill shall
be placed over the pipe spillway before crossing it with
construction equipment. Steel base plates shall have at least
2-1/2 feet of compacted earth, stone or gravel placed over them to
prevent flotation.
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8.

10.

11,

The emergency spillway shall not be installed in fill, Elevations
design width, and entrance and exit channel slopes are critical tS
the successful operation of the emergency spillway.

Baffles shall be constructed of 4 x 4-inch posts and 4 x 8-faet x
1/2-inch exterior plywood. The posts shall be set at least 3 feet
into the ground, no further apart than 8 feet center to center, and
shall reach a height 6 inches below the riser crest elevation. The

plywood shall be securely fastened to the upstream side of the
posts.

The embankment and emergency spillway shall be stabilized with
vegetation immediately following construction {see Standard and
Sample Specifications for Planting of Exposed Soils).

Construction operations shall be carried out in such a manner that
erosion and water pollution will be minimized. State and local
laws concerning pollution abatement shall be complied with.

State and local requirements shall be met concerning fencing and
signs warning the public of hazards of soft sediment and
floodwater,

Maintenance and repairs shall be carried out as follows:

(a) A1l damages caused by soil erosion or construction
equipment shall be repaired before the end of each
working day.

(b) Sediment shall be removed from the basin when it reaches
the specified distance below the top of the riser. This
sediment shall be placed in such a manner that it will
not erode from the site. The sediment shall not be
deposited downstream from the embankment or in or
adjacent to a stream or floodplain.

When temporary structures have served their intended purpose and
the contributing drainage area has been properly stabilized, the
embankment and resulting sediment deposits shall be leveled or
otherwise disposed of in accordance with the approved erosion and
sediment control plan,

Information To Be Submitted For Approval

Sediment basin designs and construction plans submitted to the reviewing
agency shall include the following:

o specific location of the dam;

e plan view of dam, storage basin and emergency spillway;
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® cross-section of dam, principal spillway and emergency
spillway;

e profile of emergency spillway;

e details of pipe connections, riser-to-pipe connection, riser
base, anti-seep collars, trash rack and anti-vortex device.

o runoff calculations for 10-year-frequency storm.

e storage calculations including total volume required, total
volume available, and level of sediment at which cleanout

shall be required (stated as a distance from the riser crest
to the sediment surface);

¢ calculations showing design of pipe and emergency spillway.

(Note: Runoff, storage and design calculations may be
submitted using the design data sheet shown in Appendix D.)

Sources and References

1.

These sample specifications were based on U.S. Department of
Agriculture, Soil Conservation Service, Standards and

Specifications for Soil Erosion and Sediment Control in Developing

Areas, July 19/5.

basin as a principal design criterion.

U.S. Environmental Protection Agency, Erosion and Sediment Control,

Modifications were made by ABAG for
simplification and clarity and to reflect the surface area of the

Surface Mining in the Eastern U.S., Technology Transfer Series,

October 1976.
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7. TEMPORARY SEDIMENT TRAP

STANDARD
Definition

A small temporary basin formed by excavation and/or construction of an
embankment.

Purpose

A sediment trap can be installed in a drainageway, at a storm drain
inlet or at points of discharge from a disturbed area to intercept
sediment-laden runoff and trap the sediment. It thus protects
downstream drainageways, properties and rights-of-way from
sedimentation.,

This standard applies to all temporary sediment traps with a drainage
area of less than 5 acres. (For traps that exceed the limits of this
standan, see the Standard and Sample Specifications for Sediment
Basins.

Design Considerations

Design considerations should include the following:

drainage area;

design capacity;

cleanout intervals;

embankment and/or excavation specifications;

outlet;

compatibility with existing topography;

soil erodibility, settleability and accumulation rate.

The fundamental difference between sediment traps and sediment basins is
the size of the contributing drainage area. Sediment traps serve a
small area, under five acres, and can be adequately sized using the
criteria of 260 square feet of surface area per acre of watershed. The
savings that may accrue from constructing a smaller sediment trap may
not be large enough to justify the engineering needed to substantiate
the smaller size. On a small construction site, a larger, designed
sediment basin is not likely to achieve significantly more sediment
capture than a sediment trap. However, even for a small site, if the
capture of fine soil particles is essent1al, a careful1y designed
sediment basin should be used.
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Unit Cost Guide

$500.00-$2,000.00 (as of fall 1979), depending on size, local topography
and the base material.

Source and Reference

This standard was prepared from materials furnished by staff of the
USDA, Soil Conservation Service and modified by ABAG to reflect the
surface area of the basin as a principal design criterion.
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SAMPLE SPECIFICATIONS FOR TEMPORARY SEDIMENT TRAP

Design Specifications

1.

The drainage area for a sediment trap shall be less than 5 acres.

The sediment trap should be located to obtain the maximum storage
penefit from the terrain, for ease of cleanout of the trapped
sediment, and to minimize interference with construction
activities.

The surface area of a sediment trap as measured at the elevation of
the crest of the outlet shall be at least 260 square feet per acre
of drainage area with a minimum trap depth of 2 feet. For deeper
traps accommodating more sediment storage, the surface area
requirement shall not be decreased.

Sediment shall be removed and the trap restored to its original
dimensions when the sediment has accumulated to within one foot of
the outlet elevation. Sediment removed from the trap shall be
deposited in a suitable area and in such manner that it will not
erode.

A11 embankments for sediment traps shall not exceed 5 feet in
height as measured at the low point of the original ground along
the centerline of the embankment. The top width of the embankments
shall be a minimum of 4 feet, and the side slopes shall be 2:1 or
flatter. The embankment shall be compacted by traversing with
equipment while it is being constructed. Equipment shall compact
at least 90% of the surface area. ’

A1l excavation operations shall be carried out in such a manner
that erosion and water pollution shall be minimal. Any excavated
portion of the sediment trap shall have 2:1 or flatter slopes.

Outlets shall be designed, constructed and maintained in such a
manner that settled sediment does not leave the trap and that
erosion of the outlet does not occur. A trap may have several
different outlets with each outlet conveying part of the flow. The
combined outlet capacity shall meet the criteria in No.'s 7, 8 and
9 below. For example, an earth outlet 12 feet wide (adequate for 2
acres) and a 12-inch pipe outlet (adequate for 1 acre) could be
used for a 3-acre drainage area.

If the sediment trap uses an earth outlet, the outlet width (feet)
shall be equal to six times the drainage area (acres). If an
embankment is used, the outlet crest shall be at lTeast 1 foot below
the top of the embankment. The outlet shall be free of any
restriction to flow., (See sample drawing of earth outlet sediment
trap for details.)
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10.

[f the sediment trap uses a pipe outlet, the outlet pipe and riser
shall be made of corrugated metal. The riser diameter shall be
greater than or equal to the pipe diameter. The top of the
embankment shall be at least 1-1/2 feet above the crest of the
riser., At least the top two-thirds of the riser shall be
perforated with 1/2-inch diameter holes spaced 8 inches vertically

and 10 to 12 inches horizontally. All pipe connections shall be
watertight.

Pipe diameter shall be selected from the following table:

Min. Pipe Diameter Max. Drainage Area
(inches) (acres)
12 1
18 2
21 3
24 4
30 5

(Note: These pipe size specifications are examples only.
The pipe dimensions for each project should be calculated
by a qualified engineer based on local conditions.)

(See sample drawing of pipe outlet sediment trap for defails.)

If the sediment trap uses a crushed stone outlet, the outlet will
be over a level stone section. The stone outlet for a sediment
trap differs from that for a stone outlet structure because of the
intentional ponding of water in the trap. To provide for a ponding
area, a .relatively impervious core, such as timber, concrete block
or straw bales is placed in the stone. The core shall be covered
by 6 inches of stone.

The minimum length (feet) of a stone outlet shall be equal to six
times the drainage area (acres). The crest of the outlet, at the
top of the stone, shall be at least 1 foot below the top of the
embankment. The crushed stone used in the outlet shall meet AASHTO
M43, size No. 2 or 24, or its equivalent such as MSHA No. 2.
Gravel meeting the above gradation may be used if crushed stone is
not available. (See sample drawing of stone outlet sediment trap
for details.)

If the sediment trap uses a storm drain inlet as its outlet, the
storm drain and inlet should be placed so as not to interfere with
construction activities. (See sample drawing of storm drain inlet
sediment trap for details.)
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Construction Specifications

1.

10.

11.

12.

The area under the embankment shall be cleared, grubbed and

stripped of any vegetation and root mat. The pool area shall be
cleared.

The fill material for the embankment shall be free of roots or
other woody vegetation as well as oversized stones, rocks, organic
material or other objectionable material, The embankment shall be
compacted by traversing with equipment while it is being
constructed.

Sediment shall be removed and the trap restored to its original
dimensions when the sediment has accumulated to within one foot of
the outlet elevation. Removed sediment shall be deposited in a
suitable area and in such a manner that it will not erode.

The structure shall be inspected after each rain and repairs made
as needed.

Construction operations shall be carried out in such a manner that
erosion and water pollution are minimized.

The structure shall be removed and the area stabilized when the
remaining drainage area has been properly stabilized.

A1l cut-and-fill slopes shall be 2:1 or flatter.
When a riser is used, all pipe joints shall be watertight.

Wwhen a riser is used, at least the top two-thirds of the riser
shall be perforated with 1/2-inch-diameter holes spaced 8 inches
vertically and 10 to 12 inches horizontally.

When a pipe outlet is used, fill material around the pipe spillway
shall be hand-compacted in 4-inch layers. A minimum of 1.5 feet of
hand-compacted backfill shall be placed over the pipe spillway. At
least 2 feet of backfill shall be placed if construction equipment
will cross over the pipe spillway.

when an earth or stone outlet is used, outlet crest elevation shall
be at least 1 foot below the top of the embankment. Pipe outlets
shall be at least 1.5 feet below the top of the embankment.

when a crushed stone outlet is used, the crushed stone used in the
outlet shall meet AASHTO M43, size No. 2 or 24, or its equivalent
such as MSHA No. 2. Gravel meeting the above gradation may be used
if crushed stone is not available. Crusher run is not acceptable.

Source and Reference

These sample specifications were prepared from materials furnished by
staff of the USDA, Soil Conservation Service and modified by ABAG to
reflect the surface area of the trap as a principal design criterion.

81



SECTION A-A

EXCAVATED EARTH OQUTLET SEDIMENT
TRAP

Sample Drawing: Earth Qutlet Sediment Trap®

Excavate, if necessary, for storage

iy

2:1 or flatter
{ % y

P

wideh (ft.) = |

2 x Drainage Area (Ac.)
QUTLET SECTION

EMBANKMENT EARTH OUTLET SEDIMENT
TRAP

% Drainage area less than 5 acres

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in

Developing Areas. July 1975.)
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Sample Drawing: Pipe Outlet Sediment Trap*

Excavate, if necessary
for storage

L //Flow

Earth Embankment

Outlet Protection

All slopes 2:1 P
or flatter

welded all around

* Drainage area

less than 5 acres. EMBANKMENT SECTION THRU RISER

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 19/5.)
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Sample Drawing: Stone Outlet Sediment Trap

. <N
Excavate, if necessary, for — 7 A
storage . L . _ «‘\\ ~
Flow ~ -~ -~ Flow
\\
N~ /
NS
~ ~
~ ~
~ ~
~
N
~

~
Cutaway to, Show Straw..—"" ~~
bale core -

Length (ft.) = .
2 x Drainage Area (Ac.) |

R
: [ “
SUIDTZINON SRR, 51 -1
Extend core into/
earth embankment

8

25 LT IR RPN YL
i o s it e i NS

* Drainage area less than 5 acres.

ELEVATION

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 1975.)
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- Sample Drawing: Storm Inlet Sediment Trap®

Block inlet with plywood
and sandbags, as necessary,

to prevent water fram entering.
Flow e /
- Q . N \ -
. o
-
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Remove bricks or s '
blocks for outlet o i

Trap may be placed behind or
at end of inlet.

As required
e Z 2:1 or flatter

- Py i

Fs) \ | A 8

— 2:1 or flatter

v

—E' min ;
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CROSS-SECTION ) SECTION A-A

CURS ORAIN

YARD DRAIN .

- NOTE: Where curb is in place, provide
a 1 ft. wide opening in the curb
or use a sandbag dam to force
water over the curb to the trap.

*Drainage ares l_eu than 5 acres.

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Ueveloping Areas. July 19/5.)
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8. TEMPORARY STABILIZED CONSTRUCTION ENTRANCE

STANDARD

Definition

A stabilized pad of crushed stone located at any point where traffic
enters or leaves a construction site at a public right-of-way, street,

alley, sidewalk or parking area.

Purpose

A construction entrance reduces or eliminates the tracking or flowing of
sediment onto public rights-of-way.

This standard applies to all temporary stabilized construction entrances
that are to be removed within 12 months after the completion of
construction,

Design Considerations

Design considerations should include the following:

e materials;
e dimensions of the pad;
® maintenance requirements.

Unit Cost Guide -

$4,000-$5,000 (as of fall 1979).

Source and Reference

This standard was prepared by ABAG, based on materials furnished by
staff of the USDA, Soil Conservation Service.
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SAMPLE SPECIFICATIONS FOR TEMPORARY STABILIZED CONSTRUCTION ENTRANCE

Design and Construction Specifications

L.

2.

The material for construction of the pad shall)l be 2 to 3 inch
stone,

The thickness of the pad shall not be less than 8 inches.

The width of the pad shall not be less than the full width of all
points of ingress or egress.

The length of the pad shall be as required, but not less than 50
feet.,

The entrance shall be maintained in a condition that will prevent
tracking or flowing of sediment onto public rights-of-way. This
may require periodic top dressing with additional stone as
conditions demand, and repair and/or cleanout of any measures used
to trap sediment. All sediment spilled, dropped, washed or tracked
onto public rights-of-way shall be removed immediately.

When necessary, wheels shall be cleaned to remove sediment prior to
entrance onto public rights-of-way. When washing is required, it
shall be done on an area stabilized with crushed stone that drains
into an approved sediment trap or sediment basin. All sediment
shall be prevented from entering any storm drain, ditch or
watercourse through use of sand bags, gravel, boards or other
approved methods. )

Source and Reference

These sample specifications were prepared based on materials furnished
by staff of the USDA, Soil Conservation Service and modified by ABAG for
simplification and clarity.
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Sample Drawihg: Stabilized Construction Entrance

(not to scale)

. Public Right-
50' min. of-Way

y Taf) 1

A agy 21 2T
“L ‘Ip’.”e‘m sz '7, 3
i/?/ S~ 2y

~

23

Provide appropriate transition
PROFILE between Stabilized Construc-
- tion Entrance and Public Right-

of-Way

Existing ground

o Public~//
88 Right-of-
. Way

Existing
ground

(adapted from USDA, Soil Conservation Service, College Park, Maryland.

Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 19/5.)
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9, TEMPORARY STRAW BALE DIKE

STANDARD

Definition

A temporary barrier consisting of straw bales installed across or at the
toe of a slope.

Purpose

A straw bale dike intercepts and detains small amounts of sediment from
limited exposed areas. It is used where all of the following conditions

apply:

e the contributing drainage area is less than 1 acre;

¢ the maximum slope length behind the barrier is 100 feet;

¢ the maximum slope gradient behind the barrier is 2:1;

o sheet and rill erosion would occur;

¢ there is, above the barrier, no concentration of water in a
channel or swale draining an area .in excess of 2 acres (in
this instance, a straw bale dike may serve as a check dam and
the bales must be properly staked to the ground);

e no other practice is feasible,

This standard applies to all straw bale dikes that are to be removed
~ithin three months after the completion of construction.

Design Considerations

A formal design is not required. Bales are placed on the contour and
are either wire-bound or nylon string-tied and staked in place (see the
sample drawing for details). The life expectancy of straw bale dikes,
normally three months or less, can be extended when used with filter
fabric,

Unit Cost Guide

$2.00 per linear foot (as of fall 1979).

Source and Reference

This standard was prepared by ABAG based on Virginia Soil and Water
Conservation Commision, Virginia Erosion and Sediment Control Handbook,
1980,
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SAMPLE SPECIFICATIUNS FOR TEMPORARY STRAW BALE DIKE

Construction Specifications

l.

2.

5.

Bales shall be placed in a row with ends tightly abutting.

Each bale shall be embedded in the soil a minimum of 4 inches.
Bales shall be securely anchored in place by two stakes or re-bars
driven through the bales. The first stake in each bale shall be

driven toward the previously laid bale to force bales together.

The dike shall be inspected after each storm, and repair or
replacement shall be made promptly as needed.

Bales shall be removed when they have served their purpose so as
not to block or impede storm flow or drainage.

Source and Reference

These sample specifications were prepared based on materials furnished
by staff of the USDA, Soil Conservation Service and modified by ABAG for
simplification and clarity. ‘
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Sample Drawing: Straw Bale Dike"

Angle first stake toward
previously laid bale

bound bales
placed on the
contour

2 re-bars, steel pickets, or
2" x 2" stakes 1 1/2' to 2°
in ground

ANCHORING DETAIL

* Drainage area less than 1 acre.

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for S0il Erosion and Sediment Control in

Developing Areas. July 1975.)
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10. TEMPORARY SILT FENCE

STANDARD
Definition

A temporary sediment barrier consisting of filter fabric and wire mesh
attached to supporting posts and entrenched.

Purpose
A silt fence intercepts and detains sediment while decreasing the
velocity of runoff. Its principal mode of action is to slow the water
and allow particles to settle. It can be used where:

o sheet and rill erosion would occur;

e protection of adjacent property or areas beyond the limits of
grading is needed;

e the size of the drainage area is no more than 1 acre;
e the maximum slope length behind the barrier is 100 feet;
e the maximum slope gradient behind the barrier is 2:1;

e small swales or ditches are carrying silt, flows do not exceed
1 cubic foot per second and the drainage area is no greater
than 2 acres;

e no practice other than a silt fence is feasible.

Design Considerations

No formal design is required. Silt fences have a useful life of one
season., Their use is limited to situations in which sheet or overland
flows are expected. They normally cannot filter the volumes generated
by channel flows. When installed across a concentrated flow path,
undercutting of the fence often occurs. Design considerations include:

¢ type, size and spacing of fence posts;

e type of filter cloth;

e size of woven wire support fence;

® method of anchoring filter cloth.

1
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“Unit Cost fuide

$4,00-%$6.00 per linear foot (as of fall 1979),

Sources and References

This standard was prepared by ABAG based on the following sources:

1.

2.

Abel, Phillip E., Landscape Architect, Martinez, California.

Sherwood, W. Cullen and David C. Wyant, Installation of Straw and
Fabric Filter Barriers for Sediment Control {a paper prepared for

the Annual Meetina of the Transportation Research Board,
Washington, D.C.), January 1979,

U.S. Department of Agriculture, Soil Conservation Service, College
Park, Maryland.

Virginia Soil and Water Conservation Commission, Virginia Erosion
and Sediment Control Handbook, 1980.
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SAMPLE SPECIFICATIONS FOR SILT FENCE

Materials

1.

Filter fabric shall be a pervious sheet of synthetic polymer
composed of at least 85% by weight ethylene, propylene, amide,
ester or vinylidene yarn, woven or non-woven, and shall contain
stabilizers and/or inhibitors to resist deterioration by heat,
water and ultra-violet light. The fabric shall conform to the
following criteria:

(a) The Equivalent Opening Size (U.S. Standard Sieve) shall be
within the range /70-100.

(b) The tensile strength (ASTM D1682G) shall be at least 120
pounds. The strength of fabric required depends on the wire
support fence. The strength given is the minimum for a 6-inch
square mesh wire support fence. If extra-strength fabric is
used without a support fence, the strength required shall be
200 pounds minimum with posts spaced on 6 foot centers,

Posts for silt fences shall be either 4-inch-diameter wood or
1.33-pounds-per linear foot steel with a minimum length of 5 feet.
Steel posts shall have projections for fastening wire to them.

Wire fence reinforcement for silt fences shall be a minimum of 42
inches in height, shall be a minimum of 14-gauge, and shall have a
maximum mesh spacing of 6 inches.

Construction Specifications

1.

The height of a silt fence shall not exceed 36 inches. On slopes,
the fence line shall follow the contour as closely as possible. In
small swales, the fence line shall be curved upstream at the sides
to direct the flow toward the middle of the fence.

I[f possible, the filter fabric shall be cut from a continuous roll
to avoid the use of joints. When joints are necessary, filter
cloth shall be spliced only at a support post, with a minimum
6-inch overlap and both ends securely fastened to the post.

Posts shall be spaced a maximum of 10 feet apart and driven
securely into the ground (minimum of 12 inches). When
extra-strength fabric is used without the wire support fence, post
spacing shall not exceed 6 feet.

A trench shall be excavated approximately 4 inches wide and 4
inches deep along the line of posts and upsliope from the barrier.
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1.

When standard-strength filter fabric is used, a wire mesh support
fence shall be fastened securely to the upsiope side of the posts
using heavy duty wire staples at least 1 inch long, tie wires or
hog rings. The wire shall extend into the trench a minimum of 2
inches and shall not extend more than 36 inches above the original
ground surface,

The standard-strength filter fabric shall be stapled or wired to
the fence, and 8 inches of the fabric shall extend into the trench.
The fabric shall not extend more than 36 inches above the original
ground surface. Filter fabric shall not be stapled to existing
trees,

When extra-strength filter fabric and closer post spacing are used,
the wire mesh support fence may be eliminated. In such a case, the
filter fabric is stapled or wired directly to the posts with all
other provisions of No. 6 above applying.

The trench shall be backfilled and the soil compacted over the toe
of the filter fabric.

Silt fences shall be removed when they have served their useful
purpose, but not before the upslope area has been permanently
stabilized.

Maintenance

Silt fences and filter barriers shall be inspected immediately
after each rainfall and at least daily during prolonged rainfall.
Any required repairs shall be made immediately.

Should the fabric on a silt fence or filter barrier decompose or
become ineffective prior to the end of the barrier's expected
usable 1ife and the barrier still be necessary, the fabric shall be
replaced promptly.

Sediment deposits should be removed when deposits reach
approximately one-half the height of the barrier.

Any sediment deposits remaining in place after the silt fence or
filter barrier is no longer required shall be dressed to conform
with the existing grade, prepared and seeded.

Sources and References

These sample specification were prepared by ABAG based on the following
sources:

1.
2.

Abel, Phillip E., Landscape Architect, Martinez, California.

McMillian, Michael, Selection of Filter Fabric for Use in Silt
Fences, ABAG Water Quality Technical Memorandum No. 63, 1981.

95



Ruggeri, Peter, Bissell and Karn Civil Engineers, 1981,

Sherwood, W. Cullen and Bavid C. Wyant, Installation of Straw and

Fabric Filter Barriers for Sediment Control, (a paper prepared for
the Annual Meeting of the Transportation Research Board,
Washington, D.C.), January 1979.

U.S. Army, Corps of Engineers Civil Works Construction Guide
Specification for Plastic Filter Fabrics, 1977/,

U.S. Department of Agriculture, Soil Conservation Service, College
Park, Maryland.

Virginia Soil and Water Conservation Commission, Virginia Soil

Erosion and Sediment Control Handbook, 1980.
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Sample Drawing: Silt Fence

1. Set posts and excavate a 4"x4" 2. Staple wire fencing to
trench upslope along the line the posts.
of posts.

3. Attach the filter fabric to 4. Backfill and compact the
the wire fence and extend it excavated soil.
into the trench.

Extension of fabric and
Wwire into the trench.

vl‘lE

L_L_

CONSTRUCTION OF A SILT FENCE

(Adapted from Virginia Soil and Water Conservation Commission,
Virginia Erosion and Sediment Control Handbook, 1980.)
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11, TEMPORARY CHECK DAM

STANDARD
Definition

A small temporary dam constructed across a swale, drainage ditch or
other small water flow area.

PurEose

A check dam reduces the velocity of concentrated stormwater flows and
thus reduces erosion of the swale or ditch. It also traps small amounts
of sediment flowing in the ditch. However, a check dam is not a
sediment-trapping device and should not be used for this purpose.

Check dams are used in small, open channels that drain 10 acres or less.

They should not be used in perennial streams. Some specific
applications include:

® temporary ditches or swales that, because of their short
fength of service, cannot receive a nonerodible lining but
that still need some protection to reduce erosion;

e permanent waterways that for some reason cannot receive a
permanent nonerodible lining for an extended period of time;

e either temporary or permanent swales or waterways that need
protection during the establishment of grass linings.

Design Considerations

An engineered design is not required for check dams. The following
criteria should be considered:

e materials (check dams can be constructed of stone, sand bags,
straw bales, logs and other materials);

drainage area;

height;

sediment removal;

maintenance;

dam removal.

Check dams must be removed when their useful life has been completed.
[n temporary ditches and swales, check dams should be removed and the
ditch filled in when it is no longer needed. In permanent structures,
check dams should be removed when a permanent lining can be installed.
In grass-lined ditches, check dams should be removed when the grass has
matured sufficiently to protect the ditch or swale. The area beneath
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the check dams should be seeded and mulched immediate]

o y after
removed, If stone check dams are used in grass-lined d”afnaqeﬁgf?'{igi
will be mowed, care should be taken to remove all the stone from the dam
when tnhe dam is removed, including any stone that has washed downstream

Unit Cost GLuide

variable, depending on material used and availability of material on the
site. ’

Source and Reference

This standard was prepared by ABAG based on Virginia Soil and Water
Conservation Commission, Virginia Erosion and Sediment Control Handbook
1980, '
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SAMPLE SPECIF ICATIONS FOR CHECK DAM

Design Specifications

No formal design is required for a check dam; however, the following
criteria shall be adhered to when using check dams:

1.

The drainage area of the ditch or swale being protected shall not
exceed 2 acres for straw bale check dams and 10 acres for all other
check dams. The maximum height of the check dam shall be 2 feet.
The center of the check dam shall be at least 6 inches lower than
its outer edges. The cross-section of the dam shall be as shown in
the sample drawings for log and stone check dams. The maximum
spacing between the dams shall be such that the toe of the upstream

dam is at the same elevation as the top of the downstream dam, as
illustrated below.

SPACING BETWEEN CHECK DAMS

L = The distance such that points
" A and B are of equal elevation

(adapted from Virginia Soil and Water Conservation Commission, Virqinia
Erosion and Sediment Control Handbook, Richmond, Virginia, 1980.

2.

Stone check dams shall be constructed of 2- to 3-inch stone. The
stone shall be placed according to the configuration in the sample

drawing. Hand or mechanical placement will be necessary to achieve

complete coverage of the ditch or swale and to insure that the
center of the dam is lower than the edges.
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Log check dams shall be constructed of 4- tc 6-inch logs salvaqed
from clearing operations on site, 1f possible, The logs shall he
embedded into the soil at least 18 inches. The 6-inch Tower height
required at the center can be achieved either by careful placement
of the logs or by cutting the logs after they are in place.

Straw bale check dams shall be constructed as follows:
(a) Bales shall be placed in a single row, lengthwise, oriented

perpendicular to the contour, with ends of adjacent bales
tightly abutting one another.

(b} Tne barrier shall be extended to such a length that the
bottoms of the end bales are higher i1n elevation than the top
of the lowest middlie bale to assure that sediment-laden runoff
will flow either through aor over the barrier but not around
it,

(c) Except as stated in (a) and (b) above, straw bale check dams
shall be constructed according to the Sample Specifications
for Straw Bale Dike.

Proper placement of a straw bale check dam is illustrated bhelow:

PROPER PLACEMENT OF STRAW BALE CHECK DAM IN DRAINAGEWAY

&y, TN ‘

: $g7{4m3pmﬁqu
. n .l’; a';l.‘

g it o

Points A should be higher than point B

(adapted from Virginia Soil and Water Conservation Commission, Virginia
Erosion and Sediment Control Handbook, Richmond, Virginia, 1980,

5.

Check dams shall be checked for sediment accumulation after each
significant rainfall. Sediment shall be removed from behind the
check dams when it has accumulated to one-half of the original dam
height.
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6. Regular inspections shall be made to ensure that the center of the
dam is lTower than the edges. Erosion caused by high flows around
the edges of the dam shall be corrected immediately.

Source and Reference

These sample specifications were prepared by ABAG based on Virginia Soil
and Water Conservation Commission, Virginia Erosion and Sediment Control

Handbook, 1980.
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Sample Drawing: Log Check Dam

, Virginia, 1980.)
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12. PERMANENT WATERWAY

STANDARD

Definition

A permanent, designed, drainage channel with a ridge on the lower side

when constructed across a slope.

Purpose

A waterway intercepts and conveys runoff to a stable outlet. It is used

where:

e runoff from higher areas can cause erosion or prevent
vegetation from establishing on lower areas;

e slope length must be shortened to reduce soil loss potential;

¢ more channel capacity or stabilization is required to control

erosion from increased or concentrated runoff due to
construction. :

Waterways should not substitute for terraces on slopes that require
terracing for erosion control, nor should they be used on slopes greater

than 15%. Waterways should be used with caution on soils subhject to
slippage.

Design Considerations

The design of a waterway cross-section and lining is based primarily
upon the volume and velocity of flow expected in the waterway. If
conditions are appropriate, waterways lined with grass or riprap are
preferable to those lined with concrete. While concrete-lined waterways
are efficient and easy to maintain, they remove runoff so quickly that
channel erosion and flooding often result downstream. Grass- or

riprap-lined waterways reduce this problem by more closely duplicating a
natural system.

Design considerations should include the following:

1. Untess otherwise specified in local or state regqulations, the
waterway should be designed to carry, as a minimum, the peak
discharge from a 10-year-frequency storm. Where the consequences
of overflow are serious, the capacity of the waterway should be
increased commensurate with the hazard.
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The craoss-section of the waterway may be V-shaped, parabolic or
trapezoidal. V-shaped waterways are generally used where the
quantity of water to be handled is relatively small, such as along
roadsides. A grass or sod lining will suffice where velocities in
the waterway are low. For waterways with steeper slopes and higher
velocities, a concrete lining may be appropriate.

Parabolic waterways are often used where the quantity of water to
be handled 1s larger and where space is available for a wide,
shallow channel with lTow velocity flow. Riprap Tinings should be
used where higher velocities are expected and where somes
dissipation of enerqy is desired. Combinations of grass and riprap
are also useful where there is a continuous flow in the waterway.

Trapezoidal waterways are often used where the quantity of water to
be carried is large and conditions require that it be carried at a
relatively high velocity. Trapezoidal waterways are qenerally
lined with concrete or riprap.

The waterway must be designed so that the expected velocity from
the design storm does not exceed the maximum velocity for the
channel Tining used. Permissible velocities are as follows:

(a) Unlined waterways. Permissible velocities for unlined
waterways are shown in the Sample Specifications for Storm
Drain Qutliet Protection, Unlined waterways should be lined as
soon as practical.

(b) Grass-lined waterways. Permissible velocities for qrass-lined
waterways are shown in the Sample Specifications for Grass
Protection of Waterways, Swales and Dikes.

(c) Riprap-lined waterways. Riprap linings can be designed to
withstand most flow velocities by choosing a stable Stone
size. The procedure for selecting a stable stone size for
waterways is discussed in the Sample Specifications for
Riprap.

(d) Concrete - and asphalt-lined waterways. Velocity is usually
not a limiting factor in the design of paved waterways.
However, the flow velocity at the outlet of the paved section
must not exceed the permissible velocity in the receiving
channel.

[t is recommended that some form of lining always be used for
permanent waterways and that bare earth not be exposed longer than
necessary. (Section 7012 of Chapter 70 of the Uniform Building
Code recommends that waterwaysS on terraces have a minimum gradient
of 5%, a minimum depth nf 1 foot, a minimum width of 5 feet, and be
paved with reinforced concrete at least 3 inches thick or an
approved equal paving.)
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10.

For grass-lined waterways, the type of grass chosen should be
appropriate for the site conditions (see Standard and Sample
Specifications for Grass Protection of Waterways, Swales and
Dikes).

The outlets of all waterways must be protected from erosion (see
Standard and Sample Specifications for Storm Drain Outlet
Protection).

Where a channel receives water from a tributary waterway the design
water surface elevation of the receiving channel must be equal to
or less than the design water surface elevation of the discharging
waterway. ’

Sediment can damage grass linings and impede flow. Protective
measures, such as planting vegetative filter strips, seeding
exposed soils and installing sediment traps, should be implemented
in disturbed areas that drain to waterways.

Unlined waterways require gentle gradients and wider channels than
lined waterways. They must be located where there is sufficient
space to accommodate such a design. Unlined or grass-lined
waterways should not be placed above slopes prone to slippage.

Grassed waterways may require mowing or irrigation. Waterways
should be designed to allow access for channel maintenance and
repair. )

Access control for public safety should be considered.

Unit Cost Guide

$20.00-3%25.00 per linear foot (as of fall 1979).

Source and Reference

This standard was prepared by ABAG based on the following sources:

1.

U.S. Department of Agriculture, Soil Conservation Service, College
Park, Maryland, Standards and Specifications for Soil Erosion and
Sediment Contral in Developing Areas, July 1975,

Virginia Soil and Water Conservation Commission, Virginia Erosion
and Sediment Control Handbook, 1980.
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SAMPLE SPECIFICATIONS FOR PERMANENT WATERWAY

Design Specifications

1.

The constructed waterway shall have the capacity to carry, as a
minimum, the peak discharge from a 10-year-frequency rainfall event
with a freeboard not less than 0.3 foot. Waterways designed to
protect urban areas, buildings and roads, and those designed to
function in connection with other structures shall have enough
capacity to carry the peak runcoff expected from a storm frequency
commensurate with the hazard involved.

The waterway cross-section may be parabolic, V-shaped or
trapezoidal. The waterway shall be designed to have stable side
slopes, not steeper than 2:1, and shall be flat eanough to ensure
ease of maintenance of the structure and any protective vegetative
cover, The ridge height shall include a reasonable settlement
factor. The ridge shall have a minimum top width of 4 feet at the
design elevation. The minimum cross-section shall meet the
specified dimensions. The top of the constructed ridge shall not
be lower at any point than the design elevation plus specified
overfill for settlement. A minimum of 0.3 foot freeboard will be
provided.

Waterway grades may be uniform or variable. Channel velocity shall
not exceed that considered nonerosive for the soil and planned
lining.

The location of the waterway shall be determined by outlet
conditions, topography, land use, cultural operations, soil type,
seep planes (when seepage is a problem) and length of slope in the
development layout.

If movement of sediment into the waterway is a significant problem,
a vegetated filter strip shall be used except where soil and/or
climate preclude the use of such strips. Then, the design shall
include extra capacity for sediment and be supported by
supplemental structures, cultural or tillage practices, or special
majntenance measures.

Each waterway shall have an adequate outlet., The outlet may be a
grassed waterway, a vegetated or paved area, a grade stabilization
structure, a stable watercourse or an underground outlet. The
outlet shall convey runoff to a point where outflow will not cause
damage. Vegetated outlets shall be installed before the waterway
construction to ensure establishment of vegetative cover in the
outlet channel. Underground outlets consist of inlet and
underground conduit, and the release rate shall be such that the
design storm will not overtop the waterway ridge.
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To prevent ponding in the waterway, the design water surface
elevation in the waterway shall not be lower than the design water
surface elevation in the outlet at their junction when both are
operating at design flow. :

The design water surface elevation of a waterway receiving water
from a tributary channel shall be equal to or less than the design
water surface elevation in the tributary channel.

The top width of parabolic waterways shall not exceed 30 feet, and
the bottom width of trapezoidal waterways shall not exceed 15 feet
unless multiple or divided waterways, stone centers or other means
are provided to control meandering of low flows.

The design procedures for parabolic and trapezoidal waterways are
given in Appendix E. (See sample drawings for details.)

Construction Specifications

l.

The foundation area for the embankment or ridqge shall be stripped
of all vegetation, brush or other objectionable material. Small
gullies, ditches or depressions within the foundation area shall be
filled and compacted.

The waterway shall be excavated to the neat lines and grades shown
on the plans and/or as staked in the field. Excavated materials
shall be used in the earth embankment or wasted to selected
locations. Borrow shall be obtained at locations specified or
shown on the drawings.

If underground conduits are located under waterway ridges,
mechanical compaction, water packing, and installation and backfill
of conduit trenches shall be made in advance to allow adequate
settlement. Materials used for the inlet and conduit shall be
suitable for the purpose intended and shall meet the Standard and
Sample Specifications for Subsurface Drain.

Fill material shall meet the following criteria:

(a) A1l satisfactory fill material obtained from the excavated
waterway will be used to construct the embankment. Fill
material containing brush, roots, or other perishable or
unsuitable materials shall not be used. Cobbles and rock
fragments having a maximum dimension of more than 6 inches
will be removed from the material. Gravel and sand will not
be used to construct the fill unless mixed with clay material
approved by a qualified engineer.

(b) The soil moisture of fill material shall be such that the
material will form a firm ball when squeezed in the hand.
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Compaction may be accomplished by the passage of the excavating
equipment. The wheels or tracks of the excavating equipment must
pass over 90% of the surface of each lift. Each 1ift shall not
exceed 6 inches before compaction. Waterway ridges constructed
across gqullies or depressions shall also be compacted in the
above-stated manner, The surface of the finished waterway shall be
reasonably smooth and present a workmanlike appearance.

Grass shall be 2lished as soon as practicable in all disturbed
areas that d.ais to the waterway, according to the Sample
Specifications for Planting of Exposed Soils. Care shall be taken
during construction to avoid disturbance of vegetation outside the
channel or embankment area. If it is necessary, top soil shall be
stockpiled and spread over the excavations and other areas to
facilitate revegetation.

Waterways shall be stabilized as soon as practicable with grass,
riprap, asphalt, concrete or other suitable material. Grass and
riprap stabilization shall be according to the Sample
Specifications for Grass Protection of Waterways, Swales and Dikes
and for Riprap, respectively. The use of unlined, permanent
waterways is not permitted.

A maintenance program shall be established to maintain waterway
capacity, storage, ridge height and the outlets. Any hazards must
be brought to the attention of the responsible person.

Source and Reference

These sample specifications were prepared by ABAG, based on materials
furnished by staff of the USDA, Soil Conservation Service.
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(Adapted from Virginia Soil and Water Conservation Commission,
Virginia Erosion and Sediment Control Handbook, 1980;)
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Sample Drawing: Typical Waterway Cross-sections .l
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l. Sample Drawing: Waterway

PARABOLIC CROSS-SECTION

(Waterway across slope has supporting ridge on downslope side of channel.)

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 19/5.) :
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Sample Drawing: Grassed Waterway

PARABOLIC CROSS-SECTION

(adapted from USDA, Soil Conservation Service, College Park, Maryland.
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas. July 1975.)
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13. PERMANENT RIPRAP

STANDARD
,efinition

A layer of loose rock or agaregate placed over an erodible soil surface.

Purpose

Riprap protects soil from the erosive forces of water. It is used on
storm drain outlets, channel banks and bottoms, roadside ditches, drop
structures, shorelines and any other place where soil may erode under
the design flow conditions because of:

e soil conditions;

e water turbulence and velocity;
e lack of vegetative cover;

e groundwater conditions.

This standard applies to the design and placement of all nongrouted
riprap where the slopes are 2:1 or flatter. (For design and placement
of grouted riprap on slopes steeper than 2:1, consult a qualified
engineer. )

Design Considerations

Design considerations should include the following:

e peak discharge from the design storm that the riprap will be
expected to carry;

erosive forces of flowing water;

slope and placement;

size and quality of material;

placement and quality of bedding;

maintenance requirements.

Unit Cost Guide

$5.50-%$Y.00 per cubic yard (as of fall 1979), depending on size of
riprap and distance from quarry. ’

Source and Reference

This standard was prepared by ABAG based on materials furnished by staff
of the USDA, Soil Conservation Service. '
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SAMPLE SPECIF ICATIONS FOR PERMANENT RIPRAP

Desiagn Specifications

1.

The minimum design discharge for channels and ditches shall be the
peak discharge from a lU-year-frequency rainfall based on maximum
watershed development during the life of the structure. The
rouaghness coefficient "n", used for determining flow on the
constructed riprap surface, shall bhe as given by curve 1 in
Appendix F.

The design stone size used in these specifications is the d50 or
median stone diameter, which is defined as the stone size such that
50% of the mixture, by weight, is larger than that size. Appendix
F presents a procedure for determining a design stone size that
will be stable under the design flow conditions with a reasonable
safety factor.

Erosive forces of flowing water are greater in bends than in
straight channels. Riprap size for bends in the channel shall be
computed according to the procedure in Appendix F. If the riprap
size (d50) computed for bends is less than 10% greater than the
riprap size (d50) for straight channels, then the riprap size for
straight channels shall be considered to be adequate size;
otherwise the larger riprap size shall be used in the bend. This
allowance is made in order to minimize the number of riprap sizes
required. No more than two riprap sizes shall be used on any
single contract in order to minimize construction problems caused
by too many sizes. The riprap size to be used in a bend shall
extend upstream from the point of curvature and downstream from the
point of tangency a distance equal to 5 times the channel bottom
width (length = 5b).

The riprap shall be composed of a well-graded mixture down to the
l-inch size particle such that 50% of the mixture by weight shall
be larger than the d5U size as determined from the design
procedure. A well-graded mixture as used herein is defined as a
mixture composed primarily of the larger stone sizes but with a
sufficient mixture of other sizes to fill the progressively smaller
voids between the stones. The diameter of the largest stone size
in such a mixture shall be considered to be 1.5 times the d50 size,
The riprap si1ze as shown on the plans and specifications or for
other construction purposes shall he the size of the largest stone
in the mixture, i.e., 1.5 x d50. The minimum thickness of the
riprap layer shall be 1.5 times the maximum stone diameter, but not
less than 6 inches. The riprap shall extend up the banks to a
height equal to the maximum depth of flow or to a point where
vegetation can be established to adequately protect the channel.
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[n channels where there is no riprap or paving in the bottom, the

“ toe of the bank riprap shall extend below the channel bottom a

distance at least 1.5 times the maximum stone size, but in no case
less than ! foot. The only exception to this would be in the event
that there is a nonerodible hard-rock bottom. The channel bank
shall not be steeper than 2:1.

The designer, after determining the riprap size that will be stable
under the flow conditions, shall consider that size to be a minimum
size and then, based on riprap gradations actually available in the
area, shall select the size or sizes that equal or exceed the
minimum size.

Stone for riprap shall consist of field stone or rough unhewn
quarry stone of approximately rectangular shape. The stone shall
be hard and anqular and of such quality that it will not
disintegrate on exposure to water or weathering, and it shall be
suitable in all other respects for the purpose intended. The
specific gravity of the individual stones shall be at least 2.5.

Rubble concrete may be used provided it has a density of at least
150 pounds per cubic foot and otherwise meets the requirements of
this standard and specifications.

Riprap shall have a filter placed under it when either of the
following conditions exist:

(a) The riprap is not well-graded down to the l-inch size
particle.

(b) Riprap is placed on the side slopes of a channel, and the soil
is sand-size or finer with a plasticity index of less than 10.
This requirement applies to slopes having this soil in lenses
or layers greater than 3 inches in thickness.

A filter can be of two general forms. One is a single layer of
plastic filter cloth manufactured for that express purpose. The
plastic filter cloth shall meet the strength criteria presented in
U.S. Army, Corp of Engineers, Civil Works Construction Guide
Specification for Plastic Filter Fabrics (see Sample Specifications
for Temporary Silt Fence). Riprap that is 12 inches and larger
shall not be dumped directly onto the plastic filter cloth, as it
may tear or displace the filter cloth. Instead, a 4-inch-thick
(minimum) blanket of gravel shall be placed over the filter cloth.
Side slopes shall be 2:1 or flatter in order for the gravel not to
slide down the filter cloth before the riprap is put in place.
Alternatively, the riprap shall be placed directly on the filter
cloth by hand or by the bucket of the equipment used.

The other form of filter is a properly graded layer of sand, gravel
or stone. The criteria for the design of an aggregate filter is as
follows:
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d 15 Riprap <5 d 15 Filter <5
d 85 Filter d 85 Base

in which dl5 and d85 are the sizes of base, filter or riprap
material, of which 15% and 85% respectively is finer. The base
means the soil layer underneath the filter, The filter shall be
graded down to sand-size particles.

Soil sizes given herein are according to the Unified Soil
Classification System as shown below.

Soil Sieve Size

Gravel Smaller than 3 inches and larger than No. 4 sieve
(approximately 1/4 inch)

Sand Smaller than No. 4 sieve and larger than No. 200 sieve
(0.074 millimeter)

Construction Specifications

1.

The subgrade for the riprap or filter shall be prepared to the
required lines and grades. Any fill required in the subqrade shall
be compacted to a density approximating that of the surrounding
undisturbed material.

The rock or gravel shall conform to the specified grading limits
when installed respectively in the riprap or filter.

Plastic filter cloth shall be protected from punching, cutting or
tearing. Any damage other than an occasional small hole shall be
repaired by placing another piece of cloth over the damaged part or
by completely replacing the cloth. All overlaps whether for
repairs or for joining two pieces of cloth shall be a minimum of 1
foot. :

The stone for the filter and riprap may be placed by equipment.
Both filter and riprap shall each be constructed to the full course
thickness in one operation and in such a manner as to avoid
displacement of the underlying materials. The stone for filter and
riprap shall be delivered and placed in a manner that will ensure
that the filter and riprap shall be reasonably homogeneous, with
the smaller stones and spalls filling the voids between the larger
stones. Riprap shall be placed in a manner to prevent damage to
the filter blanket. Hand-placing will be required to the extent
necessary to prevent damage to the permanent works.

Source and Reference

These sample specifications were prepared based on materials furnished
by staff of the USDA, Soil Conservation Service and modified by ABAG for
simplification and clarity. .
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14, PERMANENT STORM DRAIN OQUTLET PROTECTIUN

STANDARD

Definition

De-energizing devices and erosion-resistant channel sections between
storm drain outlets and stable downstream channels,

Purpose

These protection measures convert pipe flow to channel flow and reduce
water velocity. They are used where storm drain outlets, road culverts,
paved channel outlets, etc., discharge into natural or constructed
channels that in turn discharge into existing streams or drainage
systems. The entire length of the channel from the end of the structure
to the stream or drainage system is protected by rock-iining,
vegetation, concrete paving or other erosion-resistant material.

Design Considerations

Design considerations should include the following:

e depth of flow, roughness, gradient, side slopes, bottom width,
discharge rate and velocity of each channel reach between the
storm drain outlet and the existing publicly-maintained system
or natural stream channel. (A channel reach is defined as a
length of channel throughout which the hydraulic
characteristics do not change);

e maximum allowable water velocity through each channel reach;

e type of storm drain outlet protection (aprons, lined
waterways, riprap or grass protection);

e compliance with local and state regulations and requirements;
¢ maintenance requirements,

For alternative methods of desian and more information, consult a
qualified engineer.

Unit Cost Guide

Grass-lined channels: $0.50-% 1,00 per square foot.
Riprap construction: $6.00-515.00 per linear foot.
Concrete construction: $7.50-$20.00 per linear foot.

Variability in costs is due to size of outlet, topography and
availability of materials (as of fall 1979).
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Source and Reference

This standard was prepared by ABAG based on materials furnished by staff
of the USDA, Soil Conservation Service.

118



aE TN aE =N = . 1|Ib N I A S e = .llli'lir.. L \

July 1980

SAMPLE SPECIF ICATIONS FOR PERMANENT STORM DRAIN OUTLET PROTECTION

Design Specifications - Pipe Uutlets

A1l pipe outlets shall have a structurally-lined apron or other suitable
de-energizing device immediately downstream from the outlet where the
water can change from pipe flow tu channel flow. The structurally-lined
apron shall meet the following criteria:

l.

2.

The bottom grade shall be 0.0%.
The side slopes shall be 2:1 or flatter,

The top of the sidewall shall extend at least 1 foot above maximum
tailwater, but no lower than two-thirds of the vertical conduit
dimension above the conduit invert,

The downstream end of the invert shall be equal to or lower than
the lowest elevation on the cross-section immediately downstream

from the end of the apron so that there is no overfall at the end
of the apron.

Size of riprap and length of apron shall meet the criteria given in
the Sample Design of Outlet Protection (Appendix G), and riprap
shall meet the Standard and Sample Specifications for Riprap.
Concrete paving may be substituted for the riprap. Fifty percent

(50%) of the riprap mixture, by weight, shall be larger than the
median stone diameter,

Where there is no well-defined channel immediately downstream from

the apron, the width (W) of the end of the apron shall be as
follows:

(a) For tailwater elevation greater than or equal to the
elevation of the center of the pipe:

W = diameter + 0.4 La,

where La is the length of apron determined from the
curves in Appendix G.

(b} For tailwater elevation less than the elevation of the
center of the pipe:

W = diameter + La,

Where there is a well-defined channel immediately downstream from
the apron, the width of the end of the apron shall be equal to the
width of that channetl,
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7. There shall be no bends or curves in the horizontal alignment of
the pipe and the apron unless the structure is designed to handle
the flow.

3. Tailwater shall be determined by computing depth of flow in the
channel reach immediately downstream from the apron by the use of
Manning's equation.

Design Specifications - Paved Channel Qutlets

Paved channel sections shall meet the following criteria:

1. Velocity in the end of the paved section is no greater than the
allowable velocity for the succeeding downstream section.

2. The downstream end of the invert of the paved section shall be no
higher than the lowest point in the channel immediately downstream
from the end of the paved section so that there is no overfall at
the end of the apron.

3. The end of a paved channel shall merge smoothly with the next
downstream channel section, and this transition shall be
accomplished within the paved channel. The bottom width of the end
of the paved channel shall be at least as wide as the bottom width
of the downstream channel. The maximum side divergence of a
transition shall be 1 in 3F, where the Froude number F=V/ qd; where
V equals velocity in feet per second, d equals depth of flow in
feet at the beginning of the transition and g is acceleration due
to gravity (32.2 feet per second squared).

4, Bends or curves in the horizontal alignment of paved channels are

not acceptable unless the Froude number F is 1.0 or less, or the
channel is specifically designed to contain the turbulent flow.

Design Specifications - Riprap or Grass Protection

Each channel reach having a natural, grass-or riprap-lined bottom shall
be checked for stability by calculating the flow velocity using
Manning's equation and ensuring that the channel will handle that
velocity without eroding,

Design Specifications - Channel Roughness

For the purpose of design, the roughness coefficient “n" used in
calculations shall be as follows:
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Channel Lining

Asphaltic concrete - Machine finished
Hand finished

Concrete - Float finish
Unfinished
Shotcrete, unfinished

Natural channels not completely lined
with vegetation

Gabion mattresses
Fabriform - Filter point (waffled surface)

Riprap

Vegetation

Design Specifications - Velocities

it

n" Value

0.018
0.022

0.015
0.017
0.022

0. 025

0. 028
0.025

See Standard and Sample
Specifications for Riprap

See Standard and Sample
Specifications for Grass
Protection of Waterways,
Swales and Dikes

Maximum flow velocities at design capacity shall be as follows:

Channel Lining

Natural channels not completely lined
with vegetation

Sand and sandy loam

Silt loam

Sandy clay loam

Clay loam

Clay, fine gravel and graded loam to
gravel

Graded silt to cobbles

Shale, hardpan and coarse gravels

Riprap

Vegetation
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See Standard and Sample
Specifications for Riprap

See Standard and Sample
Specifications for Grass
Protection of Waterways,
Swales and Dikes



Construction Specifications - Permanent Storm Urain Uutlet Protection

1. For natural or vegetated channels, see Standard and Sample
specifications for Grass Protection of Waterways, Swales and Dikes.

2. For riprap construction, see Standard and Sample Specifications for
Riprap.

KR Aprons at the end of pipe or lined channel outlets shall meet the
following criteria:

(a) The bottom grade shall be 0.0%.
(b) The side slopes shall be 2:1 or flatter.

(c) The sidewalls shall extend up as shown on thé plans but
not less than two-thirds of the pipe diameter.

(d) There shall be no overfall from the end of the apron to
the surface of the receiving channel. The area to be
paved or riprapped shall be undercut so that the invert
of the apron shall be at the same grade (flush) with the
surface of the receiving channel. The apron shall have a
cutoff or toe wall at the downstream end.

(e) Apron dimensions and riprap size or concrete thickness
shall be as shown on the plans.

(f) The width of the receiving end of the apron shall be
equal to the bottom width of the receiving channel.

(g) Fill, either loose or compacted, shall not be placed in
the receiving channel.

(h) There shall be no bends or curves in the norizontal
alignment of the apron.

4, Paved channel sections shall meet the following criteria:

(a) Side slopes, dimensions, grades, etc., shall be as shown
on the plans.

(b) There shall be no overfall from the end of the paving to
the surface of the receiving channel,

(c) Riprap size or concrete thickness, joint details, etc.,
shall be as shown on the plans,

(d) The end of paved sections shall be as wide as the

receiving channel and the transition between the two
channels shall be smooth.
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(e) Fill, either loose or compacted, shall not be placed in the
receiving channel.

{f) Bends or curves in the horizontal alignment of paved channels
are not acceptable unless shown on the plans, and the radius
of curvature shall be the same as shown on the plans,

Source and Reference

These sample specifications were prepared based on materials furnished

by staff of the USDA, Soil Conservation Service and modified by ABAG for
simplification and clarity.
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15. PERMANENT SUBSURFACE DRAIN

STANDARD
Definition

A conduit, such as tile, pipe or tubing, installed beneath the ground to
collect and/or convey drainage water.

Purpose

In areas with a high water table where the benefits of lowering or
controlling groundwater or surface runoff justify installing such a
system, subsurface drains:

e improve the soil environment for vegetative growth by
regulating the water table and groundwater flow;

o intercept and prevent water movement into a wet area;

o remove surface runoff;

e relieve artesian pressure;

e facilitate leaching of saline and alkaline soils;

e serve as outlets for other subsurface drains;

e serve to dewater sediment basins.
Soil should have enough depth and permeability to permit installation of
an effective and economically feasible system. Where soils are saline
or alkaline, their ability to drain should be considered. The outlet
should be adequate for the quantity and quality of effluent to be
disposed of., Consideration should be given to possible damages above or
below the point of discharge that might involve legal actions under
state or local laws.

Design Considerations

Design considerations should include the following:

required capacity;

size;

depth and spacing;

minimum velocity and grade;

materials;

maximum loading rates;

envelopes and envelope material;

auxiliary structure and subsurface drain protection.
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For alternative design methods and more -information, consult a qualified
engineer.

Unit Cost GLuide

Variable, depending on size and design,

Source and Reference

This standard was prepared from materials furnished by staff of the
USDA, Soil Conservation Service and modified by ABAG for simplification
and clarity.
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SAMPLE SPECIFICATIONS FOR PERMANENT SUBSURFACE DRAIN

Design Specifications

1.

The required capacity shall be determined by one or more of the
following:

(a) Where subsurface drainage is to be uniform over an area
through a systematic pattern of drains, a drainage
coefficient of 1 inch to be removed in 24 hours shall be
used. Appendix C contains drain capacity charts and
sample determinations of subsurface drain sizes;

(b) Where subsurface drainage is to be by a random system, a
minimum inflow rate of 1.5 cfs per 1,000 feet of line
shall be used to determine required capacity.

For interceptor subsurface drains on sloping land, the
inflow rate shall be increased as follows:

Land Slopes Inflow Rate Increased by
(Percent) (Percent)
2- 5 10
5-12 20
over 12 30

(c) Additional design capacity must be provided if surface
water is allowed to enter the system,

The size of subsurface drains shall be determined from the drain
capacity charts in Appendix C. All subsurface drains shall have a
diameter that equals or exceeds 4 inches.

The minimum depth of cover of subsurface drains shall be 24 inches
where possible. The minimum depth of cover may be reduced to a
minimum of 12 inches where it is not possible to attain the 24-inch
depth and where the drain is not subject to damage by equipment
loading or frost action, Roots from some types of vegetation can
plug drains as the drains get closer to the surface.

The spacing of drain laterals shall be dependent on the
permeability of the soil, the depth of installation of the drains
and the degree of drainage required. Generally, drains installed
36 inches deep. and spaced 50 feet from center to center will be
adequate.
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The minimum grade for subsurface drains shall be 0.10%. Where
surface water enters the system, a velocity of not less than 2 feet
per second shall be used to establish the minimum grades.
Provisions shall be made for preventing debris or sediment from
entering the system by means of filters or collection, and for
periodic removal of sediment from installed traps.

Acceptable subsurface drain materials include perforated,
continuous, closed-joint conduits of polyethylene plastic,
concrete, corrugated metal, asbestos-cement, bituminized fiber and
poly-vinyl chloride.

The conduit shall meet strength and durability requirements of the
site.

The allowable loads on subsurface drain conduits shall be based on
the trench and bedding conditions specified for the job. A safety
factor of not less than 1.5 shall be used in computing the maximum
allowable depth of cover for a particular type of conduit.

The conduit shall be placed and bedded in a sand-gravel envelope.
A minimum depth of 3 inches of envelope material shall be placed on
the bottom of a conventional trench. The conduit shall be placed
on this, and the trench completely filled with envelope material to
a minimum depth of 3 inches above the conduit.

Not less than 3 inches of envelope material shall be used for
sand-gravel envelopes. Where necessary to improve the
characteristics of flow of groundwater into the conduit, more
envelope material may be required.

Envelope material shall be placed to the height of the uppermost
seepage strata. Behind bulkhead and retaining walls, it shall qo
to within 12 inches of the top of the structure. This does not
cover the design of filter materials where needed.

Materials used for envelopes shall not contain materials that will
cause an accumulation of sediment in the conduit or render the
envelope unsuitable for bedding of the conduit. Envelope materials
shall consist of sand-gravel material, of which all shall pass a
1.5-inch sieve, 90% to 100% shall pass a 0.75-inch sieve, and not
more than 10% shall pass a No. 60 sieve,

Soft or yielding soils under the drain shall be stabilized where
required, and lines shall be protected from settliement by adding
gravel or other suitable material to the trench, by placing the
conduit on a plank or other rigid support or by using a long
section of pipe with adequate strength to ensure satisfactory
subsurface drain performance.
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The outlet shall be protected against erosion and undermining of
the conduit, against damaging periods of submergence and against
entry of rodents or other animals into the subsurface drain (see
drawing for animal gquard in Appendix C.)

A continuous 10-foot section of corrugated metal, cast iron, or
steel pipe without perforations shall be used at the outlet end of
the line and shall outlet above the normal elevation of low flow in
the outlet ditch or above mean high tide in tidal areas. No
envelope material shall be used around the 10-foot section of pipe.
Two-thirds of the pipe shall be buried in the ditch bank, and the
cantilevered section shall extend to a point above the toe of the

ditch side slope, or the side slope shall be protected from
erosion,

Conduits under roadways and embankments shall be watertight and
designed to withstand the expected loads.

Where surface water is to be admitted to subsurface drains, inlets
shall be designed to exclude debris and prevent sediment from
entering the conduit. Lines flowing under pressure shall be
designed to withstand the resulting pressures and velocity of flow
(see surface water inlet drawing in Appendix C.) Surface waterways
shall be used where feasible.

The upper end of each subsurface drain line shall be capped with a
tight-fitting cap of the same material as the conduit or other
durable material, un]ess connected to a structure.

Construction Specifications

1.

2,

Deformed, warped or otherwise damaged pipe or tubing shall not be
used.

A11 subsurface drains shall be laid to a uniform line and covered
with envelope material. The pipe or tubing shall be laid with the
perforations down and oriented symmetrically about the vertical
centerline. Connections shall be made with manufactured functions
comparable in strength with the specific pipe or tubing unless
otherwise specified. The method of placement and bedding shall be
as specified on the drawing in the erosion and sediment control
plan.

Envelope material shall be a sand-gravel material, of which all
shall pass the 1.5-inch sieve, 90% to 100% shall pass the 0.75 inch
sieve, and not more than 10% shall pass the No. 60 sieve.

The upper end of each subsurface drain line shall be capped with a

tight-fitting cap of the same material as the conduit or other
durable material, unless connected to a structure.
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5.

b.

A continuous 10-foot section of corruagated metal, cast iron or
steel pipe without perforations shall be used at the outlet end of
the line. No envelope material shall be used around the 10-foot

secticn of pipe. An animal quard shall be installed on the outlet
end of the pipe.

Earth backfill material shalil be placed in the trench in such a
manner that displacement of the drain will not occur.

Source and Reference

These sample specifications were prepared from materials furnished by
staff of the USUA, Soil Conservation Service and modified by ABAG for
simplification and clarity.

129



July 1980

16. GENERAL LAND GRADING PRACTICES FOR MINIMIZING ERQSION

STANDARD
Definition
Reshaping of the existing topography in accordance with a grading plan.

Purpose

Where land grading is necessary for road or building construction, these
land grading practices minimize erosion potential and facilitate plant
establishment.

Design Considerations

Design considerations should include the following:

existing contours;

land use;

vegetation;

soil;

drainage;

slope stability;

slope length;

slope angle;

space limitations;

erosion potential of land disturbance;
erosion and sediment control measure implementability.

Development should fit existing topography as much as possible so that
land disturbance is minimized.

Slope gradients and lengths should be kept to a minimum, and benches
should be installed on long slopes. A bench should be graded back
towards the slope and drain with a gentle gradient to a stable outlet.

Drainage from upland areas should be diverted away from exposed siopes.
The surfaces of cut and fi1l slopes should be left rough or should be
serrated so that they hold seeds well and allow for good plant
establishment.

Unit Cost Guide

Variable, depending on local topography and characterisics of earth to
be graded.

Source and Reference

This standard was prepared by ABAG based on materials furnished by staff
of the USDA, Soil Conservation Service.
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SAMPLE SPECIFICATIONS FOR PERMANENT LAND GRADING TO MINIMIZE EROSION

Design Specifications

The grading plan shall be based upon building designs and street layout
that fit and utilize existing topography and desirable natural
surroundings and avoid extreme grade modifications., Information
submitted shall include sufficient topographic surveys and soil
investigations to determine grading limitations related to slope
stability, effect on adjacent properties and drainage patterns, measures
for drainage, water removal, vegetative treatment, etc.’

The plan shall show the existing and proposed contours of the area or
areas to be graded. The plan shall also include practices for erosion
control, slope stabilization, safe disposal of runoff water and drainage
(such as waterways, lined ditches and reverse slope benches (including
grade and cross-section)), grade stabilization structures, retaining
walls, and surface and subsurface drains. The plan shall also include
scheduling and phasing of these practices. The following shall be
incorporated into the plan:

1. Provisions shall be made to conduct surface runoff safely to storm
drains, protected outlets or stable watercourses to ensure that
surface runoff will not damage slopes or other graded areas (see
Standard and Sample Specifications for Permanent Waterway, and
Temporary Grade Stabilization Structure).

2., Cut and fill slopes shall not be steeper than 2:1, Where the slope
is to be mowed, the slope shall be no steeper than 3:1 (4:1 is
preferred because of safety factors related to mowing steep
slopes).

3. Reverse slope benches or diversions shall be provided whenever the
height of any 2:1 through 5:1 slope exceeds 15 feet. Benches shall
be located so as to divide the slope face as equally as possible
and shall convey the water to a stable outlet. Soils, seeps, rock
outcrops, etc., shall also be taken into consideration when
designing benches.

(a) Benches shall be wide enough to accommodate the construction
equipment in use and provide for ease of maintenance.

(b) Benches shall be designed with a reverse slope of 5:1 or
flatter to the toe of the upper slope. The outer edge of the
bench shall be at least 1 foot higher than the inner edge.
Bench gradient to the outlet shall be between 1% and 2%.

(¢) The surface flow across a bench shall not exceed a linear

distance of 800 feet (see Standard and Sample Specifications
for Permanent Waterway).
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4, Surface water shall be diverted from the face of all cut-and-fill I
slopes by a dike, swale or waterway, or conveyed downslope by a
grade stabilization structure, except that:

(a) The length of overland flow (in feet) to the crest of the
slope shall not exceed the distance A given below for any
combination of side slopes and vertical intervals.

(b) The face of the slope is or shall be stabilized and the face
of all graded slopes shall be protected from surface runoff
until they are stabilized.

(¢) The face of the slope shall not be subjected to any
concentrated flows of surface water from natural drainageways,
graded swales, downspouts, etc.

The maximum total horizontal overland-flow-plus-siope distance B
shall not exceed 15 times the side slope X of the cut or fill
slope. Maximum allowable overland flow distance (in feet) to the
top of the slope with no diversion of surface water will be
determined by use of the formula

A= X (15-Y),

where A is the maximum overland flow distance to the
slope crest, in feet;

B is the maximum horizontal distance (not to
exceed 15X), in feet;

X is the side slope given as the ratio of the
horizontal distance in feet to 1 foot vertical;

Y is the height of the cut or fill slope measured
vertically from the bottom elevation of the
slope to the slope crest, in feet.

If maximum allowable overiand flow is exceeded, surface water shall
be diverted from the slope face and carried to a stable outlet, or
conveyed downslope with a grade stabilization structure.

TYPICAL SECTION OF A SLOPE

B(max) = 15(X)

N g A = X(15-Y)

'[‘ overland flow distance

15' max.

(from USDA, Soil Conservation Service, College Rark, Maryland,
Standards and Specifications, for Soil Erosion and Sediment Control in
Developing Areas, July 13/5,)
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Serrated cut slopes shall be constructed so as to facilitate
long-lasting vegetative stabilization. These serrations shall be
made in rippable rock with conventional equipment as the excavation
is made. Each step or serrate shall be constructed on the contour
and shall have steps cut at approximately 2-foot intervals with
approximately 3-foot horizontal shelves. These steps may vary
depending on the slope ratio of the cut slope. The normal slope
line is 1-1/2:1. Overland flow shall be diverted from the top of
all serrated cut slopes and carried to a suitable outlet.

TYPICAL SECTION YF SERRATED CUT SLOPE

J_~"=///,’ =t
Co =

,//Diversion
<M S
-3

Normal slope -line 1%:1
or steeper

(from USDA, Soil Conservation Service, College Park, Maryland,
Standards and Specifications for Soil fLrosion and Sediment Control

in Developing Areas, July 1975,)

Subsurface drainage shall be provided where necessary to intercept
seepage that would otherwise adversely affect slope stability or
create excessively wet site conditions that would hinder or
prohibit vegetative establishment (see Standard and Sample
Specifications for Subsurface Drain).

Slopes shall not be created so close to property lines as to
endanger adjoining properties without adequately protecting such
properties against erosion, slippage, settlement, subsidence or
other related damages.
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10.

Material for earth fills shall be obtained from designated areas.
Except for approved landfills, the fill material shall be free of
brush, rubbish, rocks, logs, stumps, building debris and other
objectionable material that would interfere with or prevent
construction of satisfactory fills., It should be free of stones
over 2 inches in diameter where fills are compacted by hand or
mechanical tampers, or over 6 inches in diameter where fills are
compacted by rollers or other equipment.

Stockpiles, borrow areas and spoil areas shall be shown on the

plans and shall be subject to the provisions of this standard and
sample specifications.

A1l disturbed areas shall be stabilized structurally or
vegetatively in compliance with the standard and specifications for
the appropriate practices.

Construction Specifications

1.

A1l graded or disturbed areas including slopes shall be protected
during clearing and construction in accordance with the approved
erosion and sediment control plan until they are permanently
stabilized.

A1l sediment control measures shall be constructed and maintained
in accordance with the approved erosion and sediment. control plan
and the standards and specifications for the appropriate erosion
control practices.

I[f topsoil is required for the establishment of vegetation, it
shall be stockpiled in the amount necessary to complete finished
grading of all exposed areas.

Areas to be filled shall be cleared, grubbed to remove trees,
vegetation, roots and other objectionable material, and stripped of
topsoil.

Areas to be topsoiled shall be scarified to a minimum depth of 3
inches prior to placement of topsoil.

A1l fills shall be compacted as required to reduce erosion,
slippage, settlement, subsidence and other related problems. Fill
intended to support buildings, structures, conduits, etc., shall be
compacted in accordance with local requirements or codes.

A1l fill shall be placed and compacted in layers not to exceed 8
inches per lift.

Except for approved landfills, fill material shall be free of
brush, rubbish, rocks, logs, stumps, building debris and other
objectionable materials that would interfere with or prevent
construction of satisfactory fills.
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y, Soft, mucky or highly compress1bl materials shall not be
1ncorporated into fills.

10. All benches shall be kept free of sediment during all phases of
development.

11. Seeps or springs encountered during construction shall be handled
in accordance with the Standard and Sample Specifications for
Subsurface Drain or other approved methods.

12. All graded areas shall be permanently stabilized immediately
following finished grading.

13. Stockpiles, borrow areas and spoil areas shall be shown on the
plans and shall be subject to the provisions of this standard and
sample specifications.

Source and Reference

These sample specifications were prepared based on materials furnished
by statf of the USDA, Soil Conservation Service and modified by ABAG for
simplification and clarity.

Sample Drawing: Landgrading
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SLOPE DETAIL (WITH BENCH)

(adapted from USDA, Soil Conservation Service, College Park, Maryland,
Standards and Specifications for Soil Erosion and Sediment Control in
Developing Areas, July 1975,)
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17. PROTECTIVE MATERIALS FOR CHANNELS AND STEEP SLOPES

July 1975

STANDARD AND SPECIFICATIONS
FOR
PROTECTIVE MATERIALS
FOR CHANNELS AND STEEP SLOPES*

Definition

Installing jute or excelsior mattings on a prepared seed - or planting
- bed of a channel or steep slope to be stabilized with vegetation.

Purpose

As an aid to controlling erosion on critical sites during establish-
ment period of protective vegetation.

Conditions Where Practice Applies

steep slopes where erosion hazard is high and planting is likely to be
slow to establish adequate protective cover; on tidal - or stream - banks
where moving water is likely to wash out new vegetative plantings.

MATERIALS

In channels where designed flow exceeds 3.5 feet per second; on short, I

A. Jute mat shall be cloth of a uniform plain weave of undyed and un~
bleached single jute yarn, 48 inches in width plus or minus 1 inch and
weighing an average of 1.2 pounds per linear yard of cloth with a
tolerance of plus or minus 5 percent, with approximately 78 warp ends
per width of cloth and 41 weft ends per linear yard of cloth. The yarn
shall be of a loosely twisted construction having an average twist of not
less than 1.6 turns per inch and shall not vary in thickness by more
than one half its normal diameter.

B, Excelsior mat shall be wood excelsior, 48 inches in width plus or minus l
1 inch and weighing 0.8 pounds per square yard plus or minus 10 percent.
The excelsoir material shall be covered with a netting to facilitate
handling and to increase strength. l
C. Glass fiber matting of bonded textile glass fibers with an average fiber
' diameter of 8 to 12 microns, 2 to 4 inch strands of fiber bonded with
phenol formaldehyde resin. Mat shall be roll type, water permeable, l
minimum thickness 1/4 inch, maximum thickness 1/2 inch, density not less
than 3 pounds per cubic foot.

D. Staples - staples for anchoring soil stabilizing materials shall be no. Ii
11 gauge wire or heavier. Their length shall be 6 to 10 inches, with the !
longer staples used on loose, unstable soils. !

*from USDA, Soil Conservation Service, College Park, Nary]and Standards
and Specifications for Soil Erosion and Sed1nent Control in Developing
Areas. July 1975.
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INSTALLATION REQUIREMENTS

Site Preparation: After site has been shaped and graded to approved design,

prepare a friable seedbed relatively free from clods and rocks more than

i-1/2 inches in diameter, d any foreign material that will prevent contact
¢ the protective mat ...i. "1e soil surface.

Plantin¥: Lime, fertilize, and seed in accordance with seeding or other
type of planting plan, except when using jute matting on a seeded area,
apply approximately one-half the seed after laying the mat. The protec-
tive matting can be laid over sprigged areas where small grass plants have
been planted. Where ground covers are to be planted, lay the protective
matting first and then plant through the matting according to design of
planting.

Erosion Stops: (For use on steep, highly erodible watercourses) Erosion
stops are made of glass fiber strips, excelsior matting strips or tight-
folded jute mattina blanket or strips. They are placed in narrow trenches
6 to 12 inches deep across the channel and left flush with the soil surface.
They are to cover the full cross-section of designed flow.

How Used: Under jute or excelsior matting.

Location:

1. Approximately 3 feet